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Report of the Executive Committee. 


To His Excellency O. Vincent Coffin, 


Governor of Connecticut. 


In accordance with the resolution of the General Assembly 
concerning the Congressional appropriations to Agricultural Ex- 
periment Stations, and an Act of the General Assembly, approved 
March 6th, 1889, relating to the publication of Reports of the 
Storrs Agricultural Experiment Station, we have the honor to 
present herewith the Seventh Annual Report of that Station, 
namely, that for the year 1894. 

The Committee refer to the accompanying report of the Treas- 
urer for details of expenditures, and to that of the Director and 
his associates for the history of the work accomplished, and ex- 
press their confident belief that the funds have been wisely 
expended and that the work is such as will result in great benefit 


to our agricultural interests. 


Respectfully submitted, 
T.:SGOLD; ! 


Executive 


JoMsBVUBBARLS 
B, Fi KOONS: 


Commuttee. 











Report of the Treasurer 


BOR THE FISCAL YEAR ENDING JUNE 30, 1894. 


—O+¢ 





The following summary of receipts and expenditures is made 
out in accordance with the form recommended by the Associa- 
tion of American Agricultural Colleges and Experiment Stations, 
and approved by the United States Treasury Department. The 
accounts have been duly audited by the Auditors of Public 
Accounts of the State of Connecticut: 


TABULAR STATEMENT OF RECEIPTS AND EXPENDITURES. 


RECEIPTS. 

imo. Lreasury,  - - - s 2 - - - $7,500 00 
Sale of produce, - : E x : B : “ 4 - 42 63 
Analyses, - - £ : : : 7 . : 7% é 86 50 
Balance from 1892-93, - - - - x : : : 3276 

$7,632 89 

EXPENDITURES. 

Salaries, - - - - - = ° : - ? - $4,767 89 
Building, - - - - - - - - = - - 73 30 
Traveling expenses, - - - - - - - - - 250 64 
Executive Committee and Treasurer, : - : - : = 161 62 
Stationery and printing, - - - - - = - - 82 18 
Postage, telegraph and telephone, - - - - - - - 169 19 
Fixtures, permanent, - - - . - - é - - Leone 
Fixtures, not permanent, - : - - - - - - 33°90 
Office furniture, - - : z . “ - - - : 130 gO 
Field experiments, - - - - - - - - : 364 13 
Feeding experiments, - - - - - - - - - 251 49 
Team, - : - - - - - - - - - - 972.07 
Student and other labor, - - - 2 - - - - 172 80 
Apparatus, immediate, - - - - ~ - - - - 238 88 
Apparatus, permanent, - - - - - - - - - 68 52 
Chemicals, - 3 - ~ - - - : - - - 106 37 
Fuel, light and power, - ~ = . : 2 - - 16I 47 
Hardware and lumber, - - - - - - - pas ae 24 61 
Freight, cartage and express, - - ; - : ‘ ; 133 88 
Dietary investigations, - - - r 3 ji - : . 5I 59 
Bacteriological investigations, - - - - - - - 79 76 
Insurance, - = - - - - - : . = 36 75 
Incidentals, - : - - - - - - - - ATOZE 
Balance in Treasury, - - - = = 2 : : : I 41 

$7,032 89 


HENRY: C. MILES, 7reasurer 


Report of the Director 


FOR THE YEAR 18094. 


—_—_# +@—— 


The principal lines of inquiry prosecuted during the past year 
may be concisely stated as follows: 
1. Meteorological observations. 
Field experiments with fertilizers. 
Experiments on the growth of forage plants. 
Feeding experiments with sheep. 
Digestion experiments with sheep. 
Studies of rations fed to milch cows on dairy farms in 
Connecticut. 
7. Studies of bacteria and their action in the ripening of 
cream. 
Analyses of feeding stuffs. 
Analyses of materials used for the food of man. 
1o. Investigations of dietaries. 
11. Experiments with the bomb calorimeter. 
12. Development of a respiration calorimeter. 


Nu WwW N 


The larger part of the work done during the year is in con- 
tinuation of that described in previous reports of the Station. 

For an institution with an annual income of only $7,500 per 
year, which is the amount received by the Storrs Station from 
public sources, so wide a range of subjects of investigation 
might seem inexcusable. The justification is found in two facts. 
One is that several lines of investigation upon the food and 
nutrition of animals and man are more or less nearly parallel 
with each other and are so conducted as to form really one 
department of inquiry. The other is that a considerable part of 
the work is done with the codperation and aid of the United 
States Department of Agriculture, the United States Department 
of Labor, and Wesleyan University. | 


W. O. ATWATER, 
Director. 











Beier ER-FAT vs. SPACE SYSTEM FOR PAYING FOR 
CREAM AT CREAMERIES. 


BY CHAS. D: WOODS. 





That the milk from different cows varies materially in its com- 
position has been long understood. It is, however, but a few 
years since advocates of a deep setting system for cream claimed 
that when it was raised under uniform conditions, a space of 
cream always contained the same amount of butter-fat. When 
this Station undertook, in 1890, a series of feeding experiments 
with milch cows, a Cooley creamer was purchased and the 
instructions as to temperature of milk at time of setting, temper- 
ature of water, etc., were carefully followed. Analyses of the 
cream speedily convinced us that the method was far too inaccu- 
rate to be relied upon as a measure of the butter-fat production 
of cows. The range of composition of the cream may be seen 
from the following tabulation of a few of the results obtained. 


Percentage of Butter-fat in Cooley cream from milk set under 
uniform conattions of temperature, etc. Leach analysts 
represents 5 days’ cream. 

















| 
Cow No. 1. Cow No. 2. Cow No. 3. | Cow No. 4 
sae | 
ho ho % | % 
20.33 21.11 21.10 | 22.46 
20.01 21.32 21.06 | 23.30 
19.48 ZITsto 20.84 : 22.45 
18.41 20.30 19.57 20.90 
18.78 21.54 19.64 | 20.82 
18.79 21770 19.84 | 20.84 
20549 20.23 20.87 21531 
19.89 =e 21.19 | 21,22 
Minimum, 18.41 20.23 19.57 20.82 
Maximum, 20.33 ~ 21.70 21.19 | 23.30 
Average, 19,48 21.05 20.51 21.66 
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The time during which the above samples were taken was 
about two months. The analyses were made by the gravimetric 
method. Each of the percentages in the table represents the 
result of the analyses of five days’ cream. It will be observed 
that there is a range of from 1.5 to 2.5 per cent. in the butter-fat 
of the cream of the same cow, that of Cow No. 1, for instance, 
varies from 18.4 to 20.3 per cent. There is also a range of 5 per 
cent. in the butter-fat of the cream of different cows; from 138.4 
in cream from the milk of Cow No.1 to 23.3 in that of Cow 
No. 4. 

Since these trials we have no doubt as to the unfairness of the 
space system of paying for cream. If such wide variations in 
the composition of the cream occurred when every precaution 
was taken to insure uniformity of conditions, it is evident that 
the differences would be greater under the usual management of 
creameries by different patrons. In addition it is possible for 
dishonest patrons to ‘‘manipulate” the cream so as to increase 
the number of space readings. Moreover, during the winter 
time many creameries collect the cream only two or three times per 
week and allow their patrons to draw their own cream and report 
the number of spaces to the gatherer. The temptations to 
increase the returns by drawing a few spaces of skim milk with 
the cream and reporting it all as cream, are frequently too great 
for human nature to resist. 

During the years 1890 to 1893 occasional analyses were made 
of cream from different creameries and, as was to be expected, a 
great range in composition of the cream was found. Early in 
1894, a creamery in the State asked the assistance of the Station 
in examining the cream collected on one of its routes. At this 
time the cream on this route was gathered three times per week, 
Mondays, Wednesdays and Fridays. For the Monday gathering 
the patrons were allowed to draw the cream of Friday’s and 
Saturday’s setting and report the number of spaces to the 
gatherer. The Sunday’s cream was drawn by the gatherer on 
Monday morning. 

One Monday morning, without previous notice to the patrons, 
the Friday’s and Saturday’s cream which had been drawn by the 
patrons was weighed and samples were taken for analyses. The 
number of spaces of cream were taken as reported by the patrons. 
The table on the following page contains the results of the 
analyses of the cream thus collected. | 











BUTTER-FAT VS. SPACE SYSTEM. 9 


Comparison of the Space and Butter-fat Systems of Valuation for 
one gathering of cream on a suspected route. The cream was 
drawn by the patron, and “set out” for the gatherer. The 
number of spaces are as reported by the patrons. 
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* One pound of butter-fat is nearly equal to 1.18 lbs. of average butter. 


During the month the creamery gathered 62,702 spaces of 
cream, for which it paid at the rate of 3c. per space. ‘The out- 
put for the month was 9,573 pounds of butter. Hence on the 
average it required 6.55 spaces for each pound of butter. As- 
suming the butter to be of average composition and to have 85 
per cent. of butter-fat, it required on the average 7.71 spaces of 
cream for each pound of butter-fat. At 3 cents per space the 
butter-fat would cost on the average 23.13 cents per pound. 

That many of the patrons on this route were taking advantage 
of the way in which the cream was gathered is apparent. It will 
be observed that it required on the whole route 8.2 spaces of the 
<ream which the patrons drew themselves to make a pound of 
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butter-fat, while the average for the whole creamery for the 
month was 7.7 spaces. The number of spaces ranged from 5.1 to 
13.3 for one pound of butter-fat. In the case of patron 66, where 
only 5.1 spaces of cream were required for a pound of butter-fat, 
it will be noticed that the 45 spaces of cream which were reported 
as being furnished, weighed 53 pounds, or nearly 1.2 pounds per 
space instead of the two-thirds of a pound which a space of cream 
usually weighs. Evidently there was some mistake in the num- 
ber of spaces which were returned, and as the percentage of 
butter-fat is rather low, it may be that the patron was intending 
to return a higher number of spaces, but changed his mind when 
he saw that samples were being taken. It will also be observed 


that numbers 62 and 67 have large weights of cream as compared 


with the number of spaces reported. 

The percentages of butter-fat in the cream of this route ranged 
from 11 to 24 percent. The average for the route was 16.9 per 
cent. butter-fat. The fourth column from the last in the table on 
page 9 shows what was actually paid the patrons for the cream 
which they drew themselves. The next column gives its value as 
based upon what the butter-fat cost the creamery on the average 
for the month, and the next to the last column shows how much 
each patron was overpaid or underpaid for this lot of cream. With 
the exception of numbers 62, 66 and 67 above noted, nearly every 
patron received the full value or more. Probably in these 
instances, and perhaps in some others, there were mistakes made 
by the patrons in returning the number of spaces of cream. The 
last column shows the value per space of the cream which the 
patrons furnished when the entire cream of the month was paid 
for at the rate of 3 cents per space. It will be observed that the 
range is from 1.7 cents per space to 4.6; the three who were the 
most underpaid per space being Nos. 62, 66 and 67 above noted. 

Naturally these figures made considerable impression upon the 
managers of the creamery, and they desired further tests of the 
cream furnished them. As no complete observations had been 
made upon the comparisons of the butter-fat and space systems 


of paying for cream for long periods of time, such comparisons — 


were made by the Station in this creamery during the entire 
month of April, 1894. The actual payments of the creamery 
were made for this month, as for previous ones, by the space 
system. The table which follows gives the record of the cream- 
ery for the month, by both the butter-fat and the space systems. 
The arrangement is the same as in the preceding table. 








SUD DER-FAT VS; SPACE SYSTEM. Il 


Comparison of the Space and Butter-fat Systems of Valuation in @ 
Creamery for the Month of April, 1804. 
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Comparison of the Space and Butter-fat Systems of Variation in a 
Creamery for the Month of April, 1894.—Concluded. 
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* One pound of butter—fat is nearly equal to r.18 lbs. average butter. 


The total number of spaces collected was 57,011, for which the 
creamery paid 3 cents per space, or a total of $1,706.07. The 
cream contained 7,462.1 pounds of butter-fat, from which 9,023.5 
pounds of butter were made. The average percentages of the 
butter-fat in the cream of the 78 patrons varied from 14.8 to 22.4, 
while the average of all the cream forthe month was 19.6 per 
cent. of butter-fat. On the average, 7.6 spaces were required to 
make a pound of butter-fat, and the range was from 6.7 spaces to 
9.6 spaces per pound of butter-fat. The column headed ‘cost at 
3c. per space,” shows what each patron actually received for his 


cream for the month. What he would have received if he had 


ie 
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been paid by the butter-fat which his cream contained, is shown 
in the next column, and the amounts underpaid or overpaid are 
shown in the last column but one. It will be observed that some 
patrons were very decidedly underpaid, and others were consider- 
ably overpaid during the month. One man, No. 127, would have 
received $6.87 more for his cream if he had been paid by butter- 
fat, than he actually received by the space system. The last 
column shows what each patron’s cream was worth per space 
when the creamery was paying 3 cents per space for all the cream 
used during the month. This ranged from 2.4 to 3.4 cents per 
space. 

As a result of this month’s trial, the creamery managers voted 
unanimously to adopt the butter-fat system of paying for cream, 
and they have been using this method for a year with satisfactory 
results. 

Partly to satisfy ourselves that the results obtained at this par- 
ticular creamery were not peculiar to it, and partly to show the 
managers of another creamery the unfairness of the space system, 
a week’s test was made at the latter. The results are given in 
the table on the next page. 

The total weight of the 8,814 spaces of cream was 6,661.7 
pounds. The average percentage of butter-fat in the cream was 
18.1; the lowest percentage of butter-fat was 14, and the high- 
est, 21.75 per cent. ‘The arrangement of the table is the same 
as the preceding. ‘The fourth column from the last, headed ‘‘ cost 
at 3c. per space,’ shows what was actually paid the patrons, the 
next column the amounts which they would have received if they 
had been paid by butter-fat system. ‘The last column but one 
shows how much each patron was overpaid or underpaid during 
the week. ‘The value per space of the cream on the butter fat 
basis is shown in the last column; it ranged from 2.6 cents to 3.6 
cents per space when the average price paid was 3 cents per 
space. This means that the patrons numbered 16, 19, 32 and 39 
each received $3.00 for each hundred spaces of cream which they 
furnished, when in reality the cream was worth only $2.60 per 
hundred; and that at the same time the patrons numbered 5 and 
4o were furnishing cream worth $3.50 per hundred spaces, for 
which they received only $3.00 per hundred. In other words, 
patrons 5 and 4o were each giving 50 cents per hundred spaces 
to their neighbors who were producing poorer cream. 
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Comparison of the Space and Butter-fat Systems of Valuation in a 
Creamery for one week in May, 1894. 
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* One pound of butter-fat is nearly equal to 1.18 lbs. of average butter. 


BUTTER-FAT VS. SPACE SYSTEM. I5°. 


BUTTER-FAT METHOD OF PAYING FOR CREAM. 


This method is fully described in Bulletin No. 119 of the 
Connecticut Experiment Station, pages 5-15: and in the Annual 
Report of that Station for 1894, pages 217-231. It may be 
briefly summarized as follows: 

Apparatus needed.—A cream-gatherer’s pail, spring balance 
weighing to about 60 pounds, sampling tube, set of collecting 
bottles for the dairy sample (these are best made of metal), and 
a set of larger bottles for the composite sample are needed for 
each route. The analysis of the cream is best made by the Bab- 
cock ‘‘apparatys for determining fat in milk and in cream.’’* 
This is furnished complete in various sizes, for power or hand 
use, by all dealers in creamery supplies. The total cost of 
apparatus needed to change from the space system to the butter- 
fat method of paying for cream will be from $50 or $75, or 
upwards, in accordance with the number of patrons, number of 
routes, and other conditions of the creamery. 

Sampling and collecting the cream.—EKach patron should be 
designated by a number, which number should be used on the 
sample bottle and in the gatherer’s book. ‘The patrons should be 
requested to draw their cream before the gatherer arrives. Each 
patron’s cream should be thoroughly mixed by pouring at least 
twice from one vessel to another, or by the thorough use of 
an “agitator,” before the sample is drawn. After the cream 
is thoroughly mixed and poured into the gatherer’s pail, the 
stop-cock of the sampling tube is opened and the tube is 
slowly lowered into the pail of cream. It is then raised so 
as to allow the cream to run out and thus rinse the tube before 
taking the sample. ‘The tube is again slowly lowered into the 
cream, the stop-cock is closed, the tube raised carefully, allowed 
to drain for a few seconds, wiped with a cloth and held over 
the sample bottle, the stop-cock is opened and the cream 
sample allowed to run into the bottle. Care in sampling is of 
the utmost importance. After taking the sample the cream is 
weighed and its weight recorded in the same way that spaces are 
recorded in the space system. At the creamery the small sample 
is poured into the larger “composite bottle” which bears the 
patron’s number and to which a very little corrosive sublimatet 
or bi-chromate of potash has been added as a preservative. 





* For description of this apparatus, see Wisconsin Experiment Station Report, 1890, pages 
98-119, and the publications of the Connecticut Station above referred to. 

+ This is a very active poison and should be carefully kept and handled. For keeping 
cream not more than a week the bi-chromate of potash answers equally well and is not a 
dangerous poison. Its use is, therefore, to be preferred. 
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Analysts of the cream. Book-keeping.—After several collections 
have been made the composite samples are analyzed and the 
percentages of butter-fat in the cream are determined and 
recorded. The analyses can be made three or four times during 
the month. In practice in most creameries they are made each 
week or four times during the month. 

The weight of the cream collected multiplied by the percent- 
age of butter-fat which it contained gives the weight of butter- 
fat. The amount of money to be paid the patrons divided by 
the total number of pounds of butter-fat collected gives the price 
per pound for the month. ‘The number of pounds of butter-fat 
furnished by each patron multiplied by the price paid per pound 
gives, as in the space system, the amount due each patron. 


WHY THE BUTTER-FAT SYSTEM FOR PAYING FOR CREAM IS PREFER- 
ABLE TO THE SPACE SYSTEM. 

The chief, and it seems to us fatal, objection to the use of the 
space system as the basis of payment for cream furnished by the 
patrons of creameries is its manifest unfairness and injustice. 
As is shown in both of the cases of the creameries examined as 
above, the cream furnished by patrons varies greatly in quality. 
One patron receives $3.00 per hundred spaces for cream which is 
worth only $2.50 at the average rate at which the creamery is 
paying, while another person receives only $3.00 for the same 
amount of cream which is worth $3.50. The butter-fat system 
involves somewhat more labor at the creamery, but all creameries 
which have adopted the butter-fat method for payment, so far as 
we know, are persuaded that this extra labor is amply repaid in 
the greater fairness and satisfaction to patrons as well as by the 
greater economy of the butter production. Under the space 
system, creameries find it necessary to make occasional churnings 
of the cream of individual patrons, and in some instances, at 
least, the time consumed for these occasional and imperfect tests 
is greater than is needed for the systematic and accurate tests by 
the butter-fat method. 

If creamery managers will do business upon a thoroughly 
square basis there is no question that some other method than 
the space system must be adopted. ‘There is to-day no better 
and fairer method known than the system of payment for cream 
by its butter-fat content. Believing this to be a very important 
matter for the farming community in general, the Station is pre- 
pared to assist any creamery that wishes to adopt the butter-fat 
method. 
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RESULTS OF ANALYSES OF FODDERS AND FEEDING 
STUFFS. 


BY GRAS. Di WOODS, 





In connection with the work. of the Station, analyses of the 
following miscellaneous feeding stuffs have been made by the 
Station chemists. For the most part the analyses were made in 
connection with feeding experiments or experiments upon the 
growth of plants. In no case were they undertaken merely to 
increase the amount of this class of data. The methods of 
analyses recommended by the Association of Official Agricul- 
tural Chemists were employed. 

The results of the analyses as calculated to water content at 
harvest or at the time of analyses are given in table 1, page 21, 
which follows the description of samples. In this table the ma- 
terials are grouped somewhat according to their water content at 
time of taking samples, as follows: Green fodders; silage; cured 
hay and fodder; grain; and milling products. This order is also 
observed in the descriptions of samples. 

The results calculated to water-free substance (dry matter) as 
the basis are given in table 2, page 23. 

The fuel value of a pound of each of the feeding stuffs as given 

in the tables was obtained by multiplying the number of hun- 
dredths of a pound of protein and of carbohydrates by 18.6, and 
the number of hundredths of a pound of fat by 42.2, and taking 
the sum of these three products as the number of calories of 
potential energy in the materials.* 


DESCRIPTION OF SAMPLES. 
In the description of samples the order of arrangement is the 
same as in the tables. 
GREEN FODDERS. 


1359-1362, Orchard Grass (Dactylis glomerata),—Grown in the grass garden 
of the Station in 1894. The samples were all taken June 18th, at which time the 





* See paper on Fuel Value of Feeding Stuffs in Report of this Station for 1890, pp. 174-18r. 
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seed was just beginning to form. No. 1359 was grown without the use of 
fertilizers. Growth light and spindly; pale colored. No. 1360 was from a 
plot to which there were applied dissolved bone-black at the rate of 320 pounds : 
per acre and muriate of potash at the rate of 160 pounds. Growth much 3 
resembled that of 1359. No. 1361 was grown on a plot to which mixed ~~ 
minerals were applied as in 1360 and had in addition 160 pounds of nitrate of 
soda per acre. The grass was of good color and the growth was much heavier 
than that of 1359 and 1360. No. 1362 was grown on a plot to which 
mixed minerals were applied as in 1360 and had in addition 480 pounds of 
nitrate of soda. Heavy, dense growth of good color. 


1351-1354, Zall Meadow Fescue Grass (Festuca elatior).—Grown in the 
grass garden of the Station in 1894. The samples were taken June 27th, 
at which time seed was beginning to form. No. 1351 was from a plot without 
fertilizers. Light, spindly growth of pale color. No. 1352 was from a plot to 
which there were applied dissolved bone-black at the rate of 320 pounds per 
acre and muriate of potash at the rate of 160 pounds. Growth resembled that 
of 1351. No. 1353 was grown on a plot to which mixed minerals were applied 
























as in 1352 and had in addition 160 pounds of nitrate of soda per acre. Quite oy 
heavy growth of fair color. The bottom growth was quite thick. No. 1354 i 
was grown on a plot to which mixed minerals were applied as in 1352 and had % 
in addition 480 pounds of nitrate of soda. Heavy, dense growth of dark green : 
color. Under growth thick. - 


1347-1350, Zall Meadow Oat Grass (Avena elatior).—Grown in Station 
grass garden in 1894. Samples were taken June 18th, at which time seed was 
beginning to form. No. 1347 was grown without the use of fertilizers. Light, 
spindly growth of pale color. No. 1348 was from a plot to which there were 
applied dissolved bone-black at the rate of 320 pounds per acre and muriate of 
potash at the rate of 160 pounds. Growth resembled 1347 except grass was a 
little more mature. No. 1349 was grown on a plot to which mixed minerals 
were applied as in 1348 and had in addition 160 pounds of nitrate of soda per 
acre. Fair growth of good color. No. 1350 was grown on a plot to which 
mixed minerals were applied as in 1348 and had in addition 480 pounds of 
nitrate of soda. Thick, heavy growth of good color. 


1355-1358, Zimothy (Phleum pratense ),.—Grown in the Station grass garden 
in 1894. The samples were taken July 3, 1894, at which time the grass was 
just past full bloom.’ No. 1355 was grown without the use of fertilizers. 
Light, thin growth. No. 1356 was from a plot to which there were applied 
dissolved bone-black at the rate of 320 pounds per acre and muriate of potash 
_at the rate of 160 pounds. Growth much like that of 1355. No. 1357 was 
grown on a plot to which mixed minerals’ were applied as in 1356 and had in 
addition 160 pounds of nitrate of soda per acre. Quite heavy growth. No. 
1358 was grown On a plot to which mixed minerals were applied as in 1356 and 
had in addition 480 pounds of nitrate of soda. Heavy, dense growth. 


1370, 1372, 1374, 1376, Barley Fodder:—As used in digestion experiments.* 
The samples were taken from the field from October 8th to October 15th. No. 





* See article on Digestion Experiments beyond in this Report. 
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1370, cut October 8, 1894, nearly grown, in early bloom; 1372, cut October t1th, 
in bloom, some seeding; 1374, cut October 13th, early seeding; 1376, cut October 
15th, seeding but still succulent. 


1369, 1371, 1373, 1375, Barley and Pea Fodder, as used in digestion 
experiments.* The samples were taken from the field from October 8th to 
October 15th. No. 1369, cut October 8th, barley nearly grown, in early bloom; 
peas beginning to blossom. No. 1371, cut October 11th, barley nearly grown, 
in bloom and beginning to seed; peas have many blossoms. No. 1373, cut 
October 13th, barley early seeding; peas full grown and full bloom. No. 1375, 
cut October 15th, barley early seeding, still succulent; peas mostly still green 
and in bloom. 


1366-1368, Cow Pea Vines ( Dolichos sinensis ).—Good growth on all plots. 
Samples taken September 18, 1894. No. 1366 was from a plot to which there 
were applied dissolved bone-black at the rate of 320 pounds peracre and muriate 
of potash at the rate of 160 pounds. No. 1367 was grown ona plot to which 
mixed minerals were applied as in 1366 and had in addition 160 pounds of 
nitrate of soda per acre. No. 1368 was grown on a plot to which mixed minerals 
were applied as in 1366 and had in addition 480 pounds of nitrate of soda per acre. 


1341-1343, Scarlet Clover ( Trifolium incarnatum), used in digestion expeti- 
ments.* Samples were taken May 26th to June 2d. 


ENSILAGE, 


1262, Corn Enstlage.—Samples were taken in connection with milch cow 
ration No. 18. 
CURED FODDERS AND HAYS. 


1274, Hodder.—The fodder consisted of about 500 pounds of oat straw and 
75 pounds bog hay, mixed as it was run through the cutter. Sample was taken 
of each separately and combined in the above proportions at the laboratory. 
Taken in connection with milch cow ration No. 20. 


1269, 1279 and 1289, Corn Stover.—Samples taken in connection with milch 
cow rations Nos. Ig, 22 and 24 respectively. 


1276 and 1278, Oat Hay.—Samples taken in connection with milch cow 
rations Nos. 20 and 22 respectively. 


1297, Timothy Hay. Early cut.—Samples taken in connection with milch 
cow ration No. 26. 


1325-1328, Early Cut Hay. Mixed grasses.—Sample taken in connection 
with digestion experiments Nos. 1 to 4. (See article beyond on digestion 
experiments). 


1263, 1264, 1268, 1277 and 1290, Hay from Mixed Grasses.—Nos, 1264 and 
1290 were timothy and red-top hay, about three-fourths timothy and one-fourth 
red-top. Samples were taken in connection with milch cow rations Nos. 18 
and 24. Nos. 1263, 1268 and 1277 were ordinary hay from mixed grasses. 
Samples were taken in connection with milch cow rations Nos. 18, Ig and 22. 


1288, Clover Hay.—Samples were taken in connection with milch cow ration 
No. 24. The hay was about three-fourths clover and one-fourth mixed grasses. 





* See article on Digestion Experiments beyond in this Report. 
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SEEDS. 

1363-1365, Soy Beans (Soja hispida).—Grown by the Station in 1892. No. . 
1363 was grown upon a plot which received dissolved -bone-black at the rate of 
320 pounds per acre and muriate of potash at the rate of 160 pounds. No. 
1364 was grown upon a plot which received, in addition to the same mixed 
minerals as I10g, nitrate of soda at the rate of 160 pounds per acre. No. IIII 
was from a plot which received, in addition to the same mixed minerals as 
1109, 480 pounds of nitrate of soda per acre. No. 1341, cut May 26th, at which 
time the clover was not quite in full bloom; 1342, cut May 28th, in full bloom; 
1343, cut June 2d, a little past full bloom, lower half of heads beginning to 
seed. 

1303, 1340, Oats and Peas.—These were grown by the Station in 1893 for 
the seed. They were used in digestion experiments, and for further description 
of samples see article on digestion experiments beyond. 


MILLING AND BY-PRODUCTS. 


1265, 1300 and 1305, Corn Meal.—¥rom western grown corn. No. 1265 
was used in milch cow ration No. 18; 1300 and 1305 in digestion experiments. 

1273, 1281, 1283, 1287 and 1294, Corm and Cob Meal.—All Connecticut 
grown. Samples taken in connection with milch cow rations Nos. 20, 22, 23, 
24 and 25 respectively. . 

1272, Cob and Rye Meal.—Corn on the cob and rye, ground together in the 
proportions of 14 bushels of corn on the ear and 6 bushels of rye. Samples 
taken in connection with milch cow ration No. Ig. 

1266, 1271, 1275, 1280 and 1284, Wheat Bran.—Samples taken in connection 
with milch cow rations Nos. 18, I9, 20, 22 and 23. No. 1275 is a winter 
wheat bran. : 

1299, Wheat Middlings.—Samples taken in connection with milch cow 
ration No. 26. 

1291, Linseed Meal.—Sample taken in connection with milch cow ration 
No. 25. 

1302, Linseed Mixture.—Used in digestion experiments (see beyond). The 
mixture consisted of three parts old process linseed meal and one part corn 
meal. The corn meal was from the same lot as samples No. 1300 and 1305 
above. 

1282, 1286, 1293, Chicago Gluten Meal.—Samples taken in connection with 
milch cow rations Nos. 23, 24 and 25 respectively. 


1270, Cream Gluten Meal,—Samples taken in connection with milch cow 
ration No. Ig. 


1298, Peorta Gluten Feed.—Samples taken in connection with milch cow 
ration No. 26. 


1296, Sheep Feed.—The grain and- ensilage used by Mr. Chas. Lyman of 
Middlefield for fattening sheep in the winter of 1893-94. The mixture was as 
follows: Corn ensilage 2,400 pounds, whole corn 500 pounds, pea meal 1,000 
pounds, and wheat middlings 800 pounds. This, together with about 400 
pounds of hay a day, made a day’s ration for 1,300 sheep. 
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TABLE I, 
Proximate Composition of Fodders and Feeding Stuffs. Results 
of Analyses Hlerewith Reported, Calculated to Water 
Content at Time of Taking Sample. 




















| Nit.- 
noe KIND.* Water. Fro") Fat. | free | Fiber. | Ash. Fuel 
Oo. tein. E Value. 
xt: 
Calo- 
Green Fodders. % % | & % % % | ries 
| | per lb. 
1359| Orchard grass, - el O8.03)1 2.93) Prt.) 10.14 13°98 12, 82) aoa 
1360) Orchard grass, ~ $05.50) 247 1.95 1 14-014 135160 f2.99| | 605 
1361} Orchard grass, - - | 66.97-| 2.61 | 1.17 | 14.43 | 11.98 | 2.84) 585 
1362| Orchard grass, - Ale 7120371, 2:00 |). O07 | 41.08.) 10-17 | 2:27) 00500 
Average, - - - | 67,06|2.69/ 1.06| 14.29) 12.17 2.73) 570 
1351| Tall meadow fescue grass, | 68.63 | 1.86 | .77 | 12.61 | 13.93 2.20} 555 
1352| Tall meadow fescue grass, | 67.72 | 1.93 | .77 | 16.22 | 11.02 |2.34] 570 
1353| Tall meadow fescue grass, | 72.43 | I.g0 | .75 | 12.65 | 10.24 |2.03} 490 


1354| Yall meadow fescue grass, | 76.85 | 2.22 | .73| 9.18| 9.04]1.98} 410 
Average, - =e) Vb 71-41 0,98) .75.1.12.66'111.06') 2:14)" 505 
1347| Tall meadow oat grass, - | 66.40 | 2.68 | 1.02 | 15.13 | 12.34 | 2.43] 600 
1348} Tall meadow oat grass, - | 67.31 | 2.47 | 1.04 | 14.41 | 12.24 | 2.53] 585 
1349| Tall meadow oat grass, - | 69.18 | 2.67 .98 | 14.04] II.07 2.06) 555 
































1350| Tall meadow oat grass, - | 68.99 | 3.57 | 1.05 | 13.20 | II.07 2.12} 560 

Average, - -  - | 67.97 | 2.85) 1.02 | 14.20 | 11.68 2.28) 575 
1355| Timothy, - - - | 66.65 | 3.86 | 1.06 | 14.49 | 12.07 | 1.87] 605 
1356| Timothy, - ~ eel Oct 2523: 40 2B 7 17.20 0.42 2,07 S00 
1357| Timothy, - S ~ | 67:00 | 6,31 |.1.03 | 10:92 |. 12:29) 1-85] | “590 
1358| Timothy, - - - | 69.28 | 2.40 | I.1I | 14.02] 11.50/1.69| 565 

Average, - -  ~- | 67,66|3.70 | 1.02 | 14.18 | 11.57 1.87, 585 
1370| Barley, - - - =P 7beOe 1.3.52.) OF) 9-80 40 ec04.P1.02) 4305 
1372| Barley, - - - Seine 70:1 3.501) .O0) 0. L148" 2-265) Ars 
1374| Barley, - - - - | 76.57 | 3.68 | .gI | 10.32] 6.37)2.15| 420 
1376| Barley, - - - = (75 .308-3.50 1) , OF} 11,900) G152-47.80) 445 

Average, - - - | 76.66 | 3.56} .90| 10.80} 6.55 2.08) 420 
1369| Barley and peas, - - | 81.77| 3.80] .81| 7.33] 4.69|1.60} 330 
1371| Barley and peas, - - | 80.62 | 3.71 | .77| 7-98] 5.10 |1.82) 345 
1373| Barley and peas, - - | 79.63 | 4.22] .98; 8.64] 4.95 |1.58] 370 
1375| Barley and peas, - = t7O69 | S91.) 271 1 8. fear 15.2 5 Sree 200 

Average, - - - | 80.47/3.91| .81) 8.16] 4.99)1.66) 351 
1366; Cow pea vines, - - | 85.55) 2.72] .55| 5.94} 3.38|1.86) 250 
1367| Cow pea vines, - a) Sh. 00 b2. S41 68h. 7,15) 1 63.89 2:00) e276 
1368) Cow pea vines, - = | S4.99 1 3.0F 1.61 6.44) °3.04.) TOT) 255 

Average, - - - | 84.85/2.86/ .61; 6.50/ 8.26 (1,92 260 
1341| Scarlet clover, = a SBE AG OL) 5.00) 3:24:17. 393) 225 
1342| Scarlet clover, - =| $8.86 "2.99 10.65. 9 6.96) 4.37: 1.40) 285 
1343} Scarlet clover, - - | 84.45 | 2.91] .72| 6.16] 4.20/1.56) 275 

Average, - - -|85.22/2.71| .67) 6.04| 8.93 1.43) 260 

Enstilage. | | | 
1262, Corn ensilage, = - | 69.32 | 2.84 | 1.29 | 19.75 | 5.18 |1.62) 570 
Cured Hay and Fodders. | . | | 

1274| Fodder, mostly stover, - | 27.05 | 5.54 | 2.09 | 34.90 | 25.85 | 4.57] 13.20 

















* For description of samples, see pages 17-20. 
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TABLE 1.—( Continued. ) 


Oe 















































Nit.- 
nan KIND.* Water. nis Fat. te Fiber. | Ash. vee 
xt. 
Cured Hay and | { Calo- 
Fodders. % % % % % % ries 
(Continued. ) per Ib. 
1269| Corn stover, - - | 14,05) »§.80:| 2.22 844.10 | 28.93") S$ O4me ee 
1279| Corn stover, - - | 7.49 | 9.88 | 2.30%61.56 | 22.77.) (6,00 ame 
1289] Corn stover, - - | 15.94| 7.80] 1.86] 41.55 | 26.96} 5.89] 1495 
Average, - -|12.49| 7.88} 2.18 | 45.77 | 25.93) 5.86) 1665 
7270) Oat hay, = - | 16.23) 7.621 3.36 | 42:20 | 25.03 |) =5 hee 
1278] Oat hay, - - | -6.21.1°10.75 [3.48 1:43.16 |. 30507 | 5 ae 
Average, - -|11.22| 9.18] 8.42 | 42.68 | 28.00/ 5.50} 1680 
1297| Tirftothy hay, - | 10,58} 7.33) 2.83 | 45.23 | 28645 | 5: 55ceoeg 
1325| Hay, early cut, - | 8.78 | 10.94 |. 3.69 | 40.27 | 39-11 | 5.21 32055 
1326| Hay, early cut, - |. 8.13] 11244:| 3.62 |-A41.71 | 30.68 | 5.020 eee 
to o7l) Chay, early cut, -.| 8.47) TI.21 | °3.58.) 30.25 | 32.29 |) 5 amie ce 
1328] Hay, early cut, - 7.85 | 11.24 | 3.48 | 43.37 | 30.674 95: 30am 
Average, -  +--) §.31/ 11,18 3.59) 40,65 | 31:04)" S:2ommgon 
1263) Hay, mixed grasses, | 13.64 |.-6.06 | 3.04 |.45.50.| 27-37.) ae¢Gumaee 
1264| Hay, mixed grasses, | 13.22! 5.74| 2.99 | 43.23 | 30.39| 4.43 | 1605 
1268) Hay, mixed grasses, | 14.18 | 9.09] 3.01 | 42.60 | 25.92 | 5.20] 1570 
1277| Hay, mixed grasses, | 7:25 | 8.81 | 3.45 | 47.56 | 27.04), 50mm 
1290} Hay, mixed grasses, | 10.79) .5.91 | 2.52)| 46.25 | 90.25) Ave oeeemeres 
Average, -  -|11,82! 7.12) 3.00 | 45,03 | 28.19 | 4.6¢ae1G22 
1288| Clover hay, - - | 11.57 |. 21-40 | 3.79 | 34,00°| 22.65 | O20 0am 
Seeds. 
1363) Soy beans, - - | 14.53 |- 34.360 |}-15.48 | 26.17 | 4.25) cao 
1304) Soy beans, -  ~*- | 11.20 | 35.57! 16.05 | 27.52 | “4.80 ) “4. 6Omepoee 
1365| Soy beans, - - | 15.33 | 36.00 |'15.37 | 24.92 | 3:85) 40599 sise 4 
Average, -  - | 13,69 | 85.381 | 15.63 | 26.20) 4.80) 4.87) 1880 
1303| Oats and peas, - | 11.55 | 23.88.) 2,63 | 52.05) 6.62°) 2:3) 45aerena 
1340| Oats and peas, - | 11.38 | 22.25 | 2.48 | 52°95 | 750549 gecOumeeeane 
Average, - - | 11.46) 98.07) 2.51 | 52.501 7.19) o:egureag . 
Milling and By-Pro- | 
ducts. 
Tabs) Com meal, - - | 11.73 | TOl30 | a br eee) ar tO meee 
1300} Corn meal, - -' |. 12.44 |:1019 |. 4.314.90,55 ("1127 eee 
1305) Corn meal, ~ - - | 12.39'| 10.60) 4.784.970.3140) 7226 Nae eee 
Average, - — - | 12,18 |) 20.17% | 4.401 70,80)) 1 223s gee 


1273| Corn and cob meal, | 10.14 | 11.25] 3.81 | 68.90| 4.45 | 1.45 
1281| Corn and cob meal, | 12.71 | 9.88. 3.02 | 68.69] 4.42] 1.28 


























1283} Corn and.cob meal, | 11.68 11.06 3.58 | 67.18 | 5.18 | dae 
1287; Corn and cob meal, | 16.56 | 10.55 | 3.52 | 64.90 | 3.01] 1.46 
1294| Corn and cob meal, | 12.28 | 11.38 | 3.42] 67.08] 4.38| 1.46 

Average, -  - | 12.67 | 10.88 | 38.47 | 67.85 | 4.29] 1.89 
1272] Cob and rye meal, - | 15.83 9.99] 3.10| 67.96] 1.66| 1.46 
1266} Wheat bran, - - 7-46: | 16.75) §<14°) 55.90 | -87 neem 
1271| Wheat bran, - -.| 9-28:| 20.44 | 6.01 | 50.51.) 8.82) e4toe 
1275| Wheat bran, - - | 8.30') 17.13 4.77 4:55:35 (oe7 OW eenene 
1280| Wheat bran, - -'} 8.25 |,19109) 4:74) 52.64) 98.60 seme aee 
1284} Wheat bran, - -_ |. 8.47 | T8225 15.28 1 53508 |) "9. 24u ea ge 

Averagé, (= =) §.84)18.45) 26,191) 5361) 6, O0umee es 





* For description of samples, see pages 17-20. 





« 





a Ae ee 





1299 
1291 
1302 
1267 
1292 


1282 


1286 | 


1293 


1270 
1298 


1206 


























KIND.* Water. Pro- Fat. 
Lelie 
Milling and By-Pro- 
es - ho he % 
(Continued. ) 
Wheat middlings, - | 10.03 | 20.88 | 6.44 
Linseed meal, = O23 W At, 25) 3.04. 
inseed mixture, - | 10.50 | 30:06 | 5.53 
Cotton seed meal, - | 7.30) 48.19| 9.13 
Conon seed weal, - | 7.927:47.38:, 9:44 
mvetogers =) = | 7.31 -47,78| 9,29 
Chicago gluten meal,| 9.83 | 33.81 | 4.02 
Chicago gluten meal,! 8.59 | 40.09| 6.24 
Chicago gluten meal,} 8.64-+ 33.38 | 4.66 
myverage, 93 ~~ |; 9,02 °36.76.| 4.97 
Cream gluten meal, BITOs SOce 0. | Tae 
Peoria gluten feed, - | 5.56} 26.13 | 15.64 
Sheep feed, - PW AaAG IN UOLFAdliy 2a 
TABLE 2, 


TABLE 1.—/( Continued. ) 


ANALYSES OF FEEDING STUFFS. 




















23 

Nit 
free | Fiber.| Ash. uke 
E Value. 

xo 
@alo- 
% % % ries 
per Ib. 
49.96 | 7.95| 4.74] 1735 
30.19] 6.63} 5.86) 1690 
43.60} 5.960] 4.35) 1715 
24.09; 4.22) 7.07) 1905 
24.40 1, 4:48)" 0,80 A126 
24.29) 4.85) 6.98} 1865 
49.71 | 1.76 87 | 1755 
AnO? | 63.26%). 1, LOU ereas 
ROL33 (2.12 op el eo 
AG190 1, Zoo not weateo 
35.40) 1.43 .89 | 2030 
AT, 30 Piet .96 | 2105 
33.06 "3.04 | 2558 | 71055 








Proximate Composition of Fodders and Feeding Stuffs—Results of 
Analyses Herewith Reported, Calculated to Water- 
free Substance (Dry Matter ). 


Lab. 
‘No. 


1359 
1360 
1361 
1362 


1351 
1352 
1353 
1354 


1347 


1348 


1349 
1350 


1355 
1356 
$35.7 
1358 








KIND.* 








Green Fodders. 


Orchard grass, - - 


Orchard grass, - - = 
Orchard grass, - - - 
Orchard grass, - - - 
Average, » - _ - 
Tall meadow fescue grass, - 
Tall meadow fescue grass, - 
Tall meadow fescue grass, - 
Tall meadow fescue grass, - 
Average, - - t 
Tall meadow oat grass, 
Tall meadow oat grass, - 
Tall meadow oat grass, - 
Tall meadow oat grass, - 
Average, - - - 


Timothy, 


Timothy, - = - 5 
Timothy, - - - - 
Timothy, - - - ¢ 

Average, - = - 





Pro- 
tein, 





% 


7-54 
7:17 
7.91 
10.61 
8.30 
5-94 
5.98 
6.89 
9.60 
fal 
7.98 
JESU 
8.68 
152 
8.94 
11.58 
6.79 
19.50 
Whe: 
11.42 


* For description of samples, see pages 17-20. 


Fat. 








Nit. | 
free 
Ext. 





44.63 
43222 
43.67 
41.61 
43.28 
40.19 
50.25 
45.89 
39.65 
44,00 
45.04 
44.08 
45.55 
42.56 
44,30 
43.44 
52.55 
33.67 
45.67 
43.83 


Fiber. 


36.98 
38.14 
36.27 
36.24 
36.91 
44.40 
34-13 
37.13 
39.97 
38.68 
30.71 
37-44 
35-91 
35.70 
36.44 
36.19 
31.69 
37-94 
37.42 
35.81 





Ash. 


| 


SQ 


Se COMnW HRM ON WNW COO OM 


Pee OHMOOI NY OND NODC ADC 


CIN DN AID DI AVON ST ST 9 Co GH GO 


Qo + 





Fuel 
Value. 





Calo- 
ries 
per Ib. 
1785 
1765 
1780 
1790 
1780 
1765 
1775 
1785 
1774 
1775 
1795 
1785 
1805 
1805 _ 
1800 
1825 
1800 
1825 
1655 
1775 


24 


Lab. 
No. 


1373 
1372 
1374 
1376 


1369 
1371 
1373 
1375 


1366 


1367 
1368 


1341 
1342 
1343 


1262 


1274 
1269 


1279 
1289 


1276 
1278 


1297 


1325| 


1326 
1327 
1328 


1263 
1264 
1268 


1277 
1290 


1288 
1363 


1364 
1365 
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TABLE 2.—( Continued. ) 








KIND.* 








Green Fodders. 
(Continued. ) 


Barley, - - - 
Barley, - - - 
Barley, > - . 
Barley, - - - 

Average, - - 
Barley and peas, - 
Barley and peas, - 
Barley and peas, - 
Barley and peas, - 

Average, - - 
Cow pea vines, - - 
Cow pea vines, - - 
Cow pea vines, - - 

Average, - - 
Scarlet clover, - - 
Scarlet clover, - - 
scarlet clover, = - 

Average, - - 


Ensilage. 
Corn ensilage, - - 


Cured Hay and Fodders. 


Fodder, mostly stover, 
Corn stover, - ~ 
Corn stover, ~ - 
Corn stover, ~ - 
Average, - ~ 
Oat hay, > - - 
Watyhay, wu~ : 
Average, - - 
Timothy hay, - - 
Hay, early cut, - - 
Hay, early cut, - - 
Hay, early cut, - - 
Hay, early cut, - - 
Average, - - 
Hay from mixed grasses, 
Hay from mixed grasses, 
Hay from mixed grasses, 
Hay from mixed grasses, 
Hay from mixed grasses, 
Average, - - 
Clover hay, - - 


Seeds. 


Soy beans, - - 
Soy beans, mA ea 
Soy beans, - - 

Average, - - 





Pro- 
tein. 





to 


16.06 
15.29 
ros7k 
14.18 
15.31 
20.86 
19.16 
20.74 
19.44 
20.05 
18.81 
17-5 
20.05 
18,89 
19.58 
16.92 
18.08 
18.40 


9.26 


7:59 
6.75 
10.68 
9.28 
8.90 
g.10 
11.46 
10.28 
0.20 
11.99 


12.45 
12.14 


12.20 
12.20 
7.02 
6.61 
10.59 
9.50 
6.63 
8.07 


24.20 


40.20 
40.05 
42.53 
40.93 


* For description of samples, see pages 17-20. 








Fat. 


BQ 


PE ATURE EO IBY BE OW HW 
OIDC COON OFNIO 4 GOMWOCcOO 
Com OW OFF OL OWO O £ OHO Or OD 


Cae 
i) 
al 


2.86 
2.58 
2.49 
O21 
2.43 
4.01 
ear! 
3.86 
Lene 
4.04 
3.94 
3.91 
3.78 
3.92 
3.52 
3-44 
3.51 
3.72 
S52 
3.40 
4.28 


18.10 
18.07 
18.16 
Bhs ne 





Niti- 
‘free 


Ext. 





RSS 


44.66 
SO SEL 
44.04 
48.44 
44.06 
40.20 
41.16 
42.44 
43.36 
41.79 
41.09 
44.49 
42.88 
42.82 
39-37 
43.20 
39.60 
40.72 


64.37 


47.85 
51.38 
55-73 
49.43 
52.18 
50.37 
46.02 
48,20 
50.58 
44.15 
45.41 
42.88 
44.89 
44,33 
52.68 
49.83 
49.04 
51.27 
51.84 
51.05 
38.45 


30.62 
30.99 
29.43 
30.35 











Fiber. 


26.61 
B2u he 
27.19 
20.40 
28.08 
25.72 
26.32 
24.28 
25.90 
25,57 
23.38 
20.95 
20.28 
21.54 
25.52 
27.10 
27.04 
26.55 


16.88 


35-44 
33-43 
23.90 
32.07 
29.80 
29.88 
33.02 
31.45 
S152 
SAaEs 
32.74 
35.28 
33.28 
33.85 
Blayo 
35.02 
30.20 
29.16 
33.91 
32.00 
25.57 


rE 
conboO 
“JO. - OO 











Ash. 


7.29 


8.78 
9-37 
7:75 
7-71 
8.40 
12.88 
IZsa7 
12.75 
12.70 


10.50 





8.72 
10.03 


9,75 


6.26 
5.86 
7,20 
TeOL 
6.69 
6.64 
5-79 
6.21 
6.24 
5.71 
5.46 
5-79 


5.70 
5.08 
5.10 
6.06 
6.35 
4.80 
5.48 
7-50 


6.10 
5.48 
535 
5.64 


Fuel 
Value. 





CalG- 
ries 
per Ib. 
1790 
1770 
1780 
1810 
1790 
1800 
1780 
1830 
1800 
1805 
1710 
1725 
1680 
1705 
1780 
1790 
1780 
1785 


1860 


1815 
1815 
1785 
1780 
1795 
1830 
1840 
1835 
1815 
1845 
1850 
1845 
1835 
1845 
1850 
1845 
1830 
1830 
1835 
1840 
1825 


2175 
2180 


2185 
2180 








Lab. 
No. 


1303 
1340 


1265 
1300 
1305 


1273 
1281 
1283 
1287 


1294 


1272 
1266 
1271 
1275 
1280 
1284 


1299 
1291 
1302 
1267 
1292 


1282 
1286 


1293 


1270 
1298 
1296 








“ANALYSES OF FEEDING STUFFS. 


TABLE 2.—( Continued. ) 





= 





KINpb,* 


Seeds. 
(Continued. ) 
Oats and peas, - - - 
Oats and peas, - - - 
Average, - L Z 


Milling and By-Products. 


Corn meal, - = - 
Corn meal,: - - e 
Corn meal, Se - 

Average, - : : 
Corn and cob meal, - = 
Corn and cob meal, - = 
Corn and cob meal, - = 
Corn and cob meal, - - 
Corn and cob meal, - - 

Average, - - - 
Cob and rye meal, - - 
Wheat bran, - = - 
Wheat bran, - - - 
Wheat bran, - - - 
Wheat bran, - = - 
Wheat bran, - = - 

Average, - “ = 
Wheat middlings, - - 
Linseed meal, - “ = 
Linseed mixture, = - 
Cotton seed meal, - - 
Cotton seed meal, - - 

Average, - - E 
Chicago gluten meal, - - 
Chicago gluten meal, - - 
Chicago gluten meal, - - 

Average, - - . 
Cream gluten meal, - - 
Peoria gluten feed, - - 
Sheep feed, - - . 





Pros 
tein. 





% 


27.00 
25.11 


26.05 


11.68 
11.64 
PLAt 
PIO 
T2082 
11.32 
12,82 
12.65 
12.97 
12,40 
EI.37 
18.10 
22.55 
18.68 
21.46 
19.93 
20.14 
25:21 
48.75 
33-59 
51.99 
Biet2 
51,55 
37-49 
43.86 
30.54 
39.30 
43.36 
27:07 
17-53 


Fat; 


% 


Nits 
free 
Ext. 





% 


2.86 | 58.85 


2.80 


2.83 | 


4.66 
4.92 
5.46 
5.01 
4.24 
3.46 
4.05 
4.22 
3.90 
3.96 
3.68 
5.56 





6.63 
5.20 
5.17 
5-76 
5.67 
PLO 
4.23 
Oat, 
9.85 
10.19 
10.02 
4.46 
6.83 
5.10 





5.46 
15.52 
16.56 

3.83 





59-75 
99.30 


81.05 
80.57 
80.25 
80.63 
76.68 
78.69 
76.07 
TEs 
76.48 
77.14 
80.75 
60.47 
55.67 
60.36 
5737 
57-95 
58.36 
55-59 
930260 
48.72 
25.98 
26.43 
96.21 
55.13 
44.49 
55.09 
D157, 
38.60 
43.73 
59-52 





Fiber. 


oe 
Ooh 
Go co 


1.25 
1.45 
1.46 
1:39 
4.95 
5.06 
5.87 
a. OL 
4.99 
4.90 
1.97 
9.41 
Q.72 
9.55 
9-79 
10.09 
ya 
8.83 
7.30 
6.66 
4.55 
4.83 
4.69 
1.95 
3.56 
2.32 
2.61 
1.56 
II.02 
14.47 





Ash. 


“INI oo 
OonmH 


1.30 
r.22 
IeA2 
140 
fOr 
1.47 
1.49 
T./5 
1.66 
1.60 
1.73 
6.46 
5-45 
O29 
052k 
6:27 
6.12 
5.27 
6.46 
4.86 
7.63 
7-43 
7.53 

-97 
ide ay 


1, 88 





1.02 
4.65 








Fuel 
Value. 





Calo- 
ries 
per lb. 
1855 
1855 
1855 


1945 
1Q50 
1960 
1950 
1930 
1915 
1930 
1925 
1920 
1925 
1915 
1875 
IgI5 
1865 
1865 
1880 
1880 
1930 
1840 
1910 
1955 
1955 
1955 
1950 
1995 
1960 
1970 
2205 
2230 
1865 





* For description of samples, see pages 17-20. 
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A STUDY OF RATIONS FED TO MILCH COV 


CONNEGTICUYT: Vn ttes CAAA 
BY CHAS. D. WOODS AND C. §, PHELPS. ~ \S 





The study of rations fed to milch cows in this State, which was 
begun in the winter of 1892-93, has been continued, and at the 
time of this writing (December, 1894,) the third winter’s exami- 
nation of the actual feeding practice of Connecticut dairymen has 
been commenced. The first winter’s work (1892-93) was de-- 
scribed in detail in the Report of this Station for 1893, pp. 69-115. 
Some account* of this study was given at the winter meeting of 
the State Board of Agriculture at Hartford, in December, 13893, 
and it was the subject of Bulletin 13 of this Station. The results 
of the second winter’s work (1893-94) are here reported. 

Each herd was selected after a personal inspection, or after 
sufficient correspondence to satisfy ourselves of its fitness for the 
proposed test, and a representative of the Station was present 
during the whole period of each test and attended to the details 
of the experiment, such as weighing the feeding stuffs and taking 
samples for analyses, and weighing, sampling and determining 
the butter-fat in the milk. This work was faithfully performed 
by Mr. E. B. Fitts, at that time the Station Assistant in Farm 
E;xperiments. | 

In the first winter’s work (1892-93), which was regarded as 
preliminary to an investigation that might extend over a series of 
years, it was thought better to examine a relatively large number 
of herds, each during a short period, than to make the periods 
longer and the number of herds less. Sixteen herds were visited 
and a five-days’ test was made of each. fe 

In the second winter’s work, 1893-94, six different herds were 
visited, and in four cases the time of study of the management 
and products of each herd was extended to twelve days. ‘The 
analyses of the feeding stuffs were made at once and the weights 
of nutrients in the rations as fed were calculated. In three 





* Notes on Feeding Dairy Stock, by Chas. D. Woods; Report Conn. Board of Agriculture, 
1893, Pp. 182-199. 











moot UDY OF RATIONS FED TO MILCH COWS. 27 


instances other rations were thereupon suggested by us as being 
better than the ones that had been used. The owners gradually 
changed the food to the ration thus proposed, and after an inter- 
val of four weeks from the close of the first test, another twelve- 
days’ test was made of the same herd. A comparison was thus 
made of the yields of milk and butter-fat with the two different 
rations. 


The chief points upon which information was obtained were:— 


Number of animals in the herd.—In considering the number of 
animals, only those which came into the test were included. 
Usually these were all of the cows on the farm which were in 
milk at the time of the test. 


Breed, age and approximate weight of each cow.—The breed and 
age were obtained as accurately as possible from the owner. 
Since it was not practicable to take to the farm scales large 
enough on which to weigh the cows, the weights were estimated. 
This estimation was made in each case’by the Station representa- 
tive, and it is hoped that the errors of judgment may run more or 
less equally through all the herds examined. 


LWumber of months since last calf.—In most cases the time at 
which the cow dropped her last calf was known. 


Number of months till due to calve.—There was, of course, more 
or less uncertainty in this regard. 


Weights of milk-flow for the five days.—TVhe milk of each cow 
at each milking was weighed as soon as milked, to the nearest 
tenth of a pound, by the Station representative. 


Percentages and amounts of butter-fat in the milk,—A sample of 
the milk of each cow, at each milking, was taken for the deter- 
mination of the quantity of butter-fat. ‘The Babcock method of 
fat determination was employed. From the percentages of 
butter-fat in the milk, and the total weights of the milk, the daily 
yields of butter-fat were obtained. 


Kinds and weights of foods used.—The feeder was requested to 
use the same kinds and amounts of feeding stuffs during the test 
period as he had previously used. The quantity for each animal 
was weighed by the Station representative just before feeding. 
Any portions of the food left uneaten by the cows were carefully 
weighed, and due allowance was made for these uneaten residues 
in estimating the amounts daily eaten. During the test, usually 


4 
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on the third day, samples of each feeding stuff used were carefully 
taken and at once sent to the laboratory for analysis. From the 
results of the analyses and the weights fed, the total nutrients 
(protein, fat, nitrogen-free extract and fiber) fed each day were 
calculated. By the use of digestion coéfficients, estimates were 
made of the weights of digestible nutrients in each day’s ration. 


The names and post-office addresses of the owners of the herds 
studied by the Station are given in the following list, together 
with the dates at which the Station representative was at the 
farm. At the left, in the first column of figures, is a reference 
number for each test. In the remaining tables, and in the dis- 
cussion, the herds entering into the tests and the rations fed are 
designated by these reference numbers. 


Names and Post-office Addresses of Owners of Herds Studted, 
Dates at which they were Visited and Reference 
Numbers of Tests. 

















me OF | Name AND P. O. ADDRESS OF OWNER. DATE OF TEST. 

1893. 

TOs) em - W.S. Crane, Willimantic. Dec. 4-16. 

LQ ur se - Harvey S. Ellis, Vernon Center. Dec. 18-30. 
1894. 

20, - - Clifton Peck, Lebanon. Jan. 2-13. 

ca Say Rides - Same herd as No. 18. Jan, 15-27. 

oe a - C. H. Lathrop, North Franklin, Jan. 29-Feb. 10. 

ets |, - Same herd as No. 20. Feb, 12-24. 

BA - W. F. Maine, South Windham. Feb, 26—March 3. 

26, = - Same herd as No, 22, March 5-17. 

209 = - Charles G. Nichols, West Willington. March 19-24. 








The following abbreviations are used in the tables: 


Abbreviations Used in Report of Rations Fed to Mitch Cows. 


Ay.=Ayrshire. Gy. =Guernsey. P,== Pure! Breed: 
Dev. = Devon. Hol. = Holstein. R.= Registered. 
Dur.= Durham. 4) Ver ersey, Sw.=Swiss. 
Gow Grade, Nat. = Native. 


Tables 3 to rz inclusive contain the results, in considerable 
detail, of the studies of the different herds. They are all alike 
in arrangement, and a description of one will serve for all. Each 
table contains the condensed results of a test. Table 3, for 
instance, gives the statistics for test No. 18. . 








- 
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The first part of the upper table gives a reference number of 
each animal, its breed, age, weight and number of months since 
last calf. ‘The smallest daily milk flow, the greatest daily milk 
flow and the average daily yield of milk for the period of the test 
are given in the next three columns. In the three following 
columns are given the lowest, highest and average percentages 
of fat found in the daily milk of each cow for the period. 
The figures were obtained by adding together the several daily 
determinations and taking the average, hence this actual average 
is not always half way between the highest and lowest. The 
yield of fat is given in the last three columns of the first or upper 
part of the table. The minimum and maximum yields of fats 
were obtained by multiplying each day’s milk by its percentage 
of fat; the lowest number thus obtained gives the minimum daily 
yield of fat, and the largest the maximum yield of fat. It is to 
be noted that these numbers are not the same as would have 
been obtained by multiplying the minimum and maximum daily 
milk flow by the minimum and maximum percentages of fat. 

The second, or lower part of each table, gives the kinds and 
amounts of the different feeding stuffs eaten per day per 7,000 
pounds live weight, and the weights of the total and digestible 
nutrients (protein, fat and carbohydrates) which they furnished. 
As stated previously, all of the different feeding stuffs used in 
these rations were analysed, and from the results of these analy- 
ses the weights of the total nutrients furnished by the different 
coarse fodders and concentrated foods were obtained. The 
results of these analyses are given on pages 17-20 of this Report. 
The method employed in calculating the fuel value or potential 
energy furnished by the different foods, is referred to on page 17 
of this Report. 

The weights of digestible nutrients in the rations were obtained 
from the weights of total nutrients by the use of factors (coefh- 
cients of digestibility) obtained from the results of digestion 
experiments in this countryand Germany. ‘The following figures 
are taken from a paper* in which the results of nearly all Ameri- 
can and other digestion experiments are summarized. 





* Report of this Station for 1893, pp. 156-167. 
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Coefficients of Digestibility used in calculating the Digestible Nutri- 
ents in the Different Feeding Stuffs used in these Rations. 




















Carbohydrates. 
Protein: (erat, : 
Nites 
freé Ex, a 
% to to % 
Wheat bran, - - - : - : 73° weed 79° Vales 
Linseed meal, . - - : - 86+ got Sot 50t 
Cotton seed meal, - - - 2 - 89% 100* 68* aay 
Pea meal, . - - - - . aan 54* 94* 26* 
Gorn meal. = Es - 5 z 76+ 92” ae 58+ 
Corn and cob meal, : - - - Flee $2" 84* 28" 
Gluten meal, - : - z 3 Sige 88* o1™ Snr 
Malt sprouts, - 2 A ss 8 rt 68+ 76+ 64+ 
Good quality hay, - - - : - 54* 54* Onn 55> 
Poor quality hay, - - “ - - 45* ao 60* 46* 
Rowen hay, - : 3 - - : 62+ 46+ 67+ 64+ 
Corn stalks (stover), - - - - E2n 52* 64* 66* 
Corn silage, - F S : - - 46* 80* 67* 67* 
Turnips, etc., - - - - - - 84* oan 95* 80* 





* From results of American digestion experiments. 
+ From results of German digestion experiments. 


In order to show the range of variation from day to day in 
the feeding of the same herd, the minimum and maximum daily 
rations per 1,000 pounds live weight are appended to these tables. 
The size of the rations is here measured by the fuel value of 
the digestible nutrients (protein, fat, etc.) A ration which has a 
large fuel value may have a small amount of a given kind of food 
or a given kind of nutrients. Hence it sometimes happens that 
the minimum of one of the nutrients furnished by a certain kind 
of feeding stuff in a given ration may be greater than the aver- 
age of the nutrients in that ration. This is the case with the 
minimum of the coarse food in ration 23, table 8. The same 
may happen conversely, in the case of the maximum. 











TABLE 3. 
Dairy Test No, 18.—Statistics of Herd from Dec. 4 to 16, 189}. 
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fe) a Od DatILy DaiLty PERCENT- DalILy 
A 5 = =O Mitkx FtLow. AGE OF Fart, YIELD oF Pat: 
“ BREED. ae 3 | ay 
(2 = |5,3 | Min. | Max.| Avg. | Min.|Max.| Avg.| Min. | Max. | Avg. 
Wirsiicbssi lose isbs: 4) bse) Jabs. % % % Mbse |) Jcbsaali bss 
HG. Jy., FenQ0O} 3 | 25.3'|.28.5'1 26.8 | 4.3) 4:8 | 4,6) 1.10! 1.36 £1)98 
Cem yeie) 7 O75. 5 | 22:1 | 25.3 | 23.8) 4.4.1 5:1 | 4.81 7.03 | 1.19) 211 
Sere ts.) 500) 8 | 6.9}. 7:6) 7.25.3) 6.3 | 5.9) 34} 246 48 
tay,, -| 619775) 4 | 21.4 | 26.6 | 93.0! 3.9/ 4.7/4.8) .86| 1.17] ,98 
eo eerie O.| 825), 4) 19.5 | 25:7 | 22.41 4.3'| 5.01 4.7) .o7 | 1.17 1106 
6! R. Gy. See esOy | 74) 16,0 ).1812 17.9 | 4.7 5.8.) 54-00 7501 8 GG) Me Oe 
meer Gy, 4 (850) 5 |-20.2 | 22.5 | 21.4! 4.8)5.4) 5.1] .99| 1.18 11,08 
eG. sy) 5 | 800} 4 | 10.8) 12.3 / 11.6 |'5.6 | 6.2 | 5.9} .60) .74) .68 
mer 5. | 700)/(I0 |' 11.8 | 23.9 | 14.1 | 3.8) 4.2 | 4.0) .46) ~.08 | -.67 
mameteye| © |950) 9 | 12.4 |-13.8 | 13.2 |'4.7 | 5.3 | 5.01.60) 271-1. .66 
PeeiyeGy.,, 3/925) 5 | 16.4] 23.0/ 20.4| 3.9] 4.6/4.8] .67| .99] ,87 
Beer Gy.,| 10 |8so| 8 | 6.9) 13.3} 9.1) 4.8) 6.415.6) .4r| .64,), 49 
mee Gy.,| 8 |900! 2 | 27.71 32.3 | 29.31 4.4) 5.0) 4,7 | 1.27 | 1.50 11.88 
rar R. Gy., PeeesOy e OST. 7 4.128 | 1772:| 40°00. 90) 0:6 | eod pu ii20. uae 
MepneGy.,| 4900] 6 | 13.8] 16.8 | 15.4 1-4.8 | 6.1/6.8] .71 | 1.02 |) 82 
Seem - | 4 | 725| 4 | 12.8) 21.8) 19.2 15.6) 6.5|}6.0) .73 | 1.42 11.16 
Pee | 4 | 700] 3°).13.5,] 20.5 | 18.1) 3.91 5.6/4.3) .65) .o1 | 178 
memtreGy:,| 4 |800} 5§ | 13.9| 18.2|17.0)5.4| 7.2/6.5) .75 | 1-24 /1.11 
meee | 2 | 750 |. -3-/139-2 | 16.6 | 14.41 4.9 | 5.71 5.1 }) .58 | 288) 78 








Pounds of Food and Nutrients per Day per 1,000 Lbs., Live Weight. 








Kinpbs oF FEED. 


Wheat bran, - 
Corn meal, - 
Cotton seed meal, 


Total conc. food, 
Ensilage, - = 
Hay, - - 


Total coarse food, 
miotal food, - 


Minimum per day. 
Concentrated food, 
Coarse food, ~ 
Total, - - 
Maximum per day. 


Concentrated food, 
Coarse food, = 


Total, - - 





































































































o TOTAL DIGESTIBLE 
= NUTRIENTS AND FUEL VALUE. | NUTRIENTS AND FUEL VALUE. 
o 
etwas 2 a |e 
eA | o|42] 8 | 38 Bi 3] 32 a 3s 
re : a ae O ee ie = 
bse lebss | bs. eer Lbs. Catt I bSaiplpss one I Cate 
O27 T2Osh 432) 3.40) 4540 80] .23] 2.46, — | — 
A OMA 7) LOS. 20) 4.05). = .35| .18} 2.88} — | — 
Pee ore ed) | 23 Ol5e.00) 2 —— 65) .I4) .27); — | — 
£253) 2:23), ..65| 7.11) .65|21300) 1.50) (65) 5.61) 1°3.0) 16100 
C221 g4) 1.15 2.30) .-02) —— .16} .12| 2.02) — | — 
2O11H1.8Q} .O1) 8:92) 5.91 64} .33| 8.82) — | — 
32.2/1.53] .76/ 11.31] 6.43/39050| .80| .45) 10.84) 15.0/23600 
44.5 8.76) 1.41) 18.42) 7.08/60350) 2.60 1.00/16.45) 7.3 39700 
12.6|/2.23} .65| 7.36, .67/21850)1.80| .55| 5.81} 4.0/16500 
28.9 1.36} .67| 9.99] 5.01/34350| .71) .40| 9.54 14.8/20750 
41.5) 3.59| 1.32] 17.35) 6.28 |/56200] 2.51) .95|15.35| 7-0,37250 
12.3'2.37| .65| 7.03} .60/21350)1.94] .55| 5.61] 3.6/16350 
36.8) 1.75| .87| 12.98] 7.40]44850| .92| .52/12.44/ 14.9/27050 
49.1| 4.12 1.52] 20.1 | 8.00|66200] 2.86|1.07| 18.05! 7.2'43400 
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Dairy Test No. 


TABLE 4. 
19.—Statistics of Herd from Dec. 18 to 30, 1893. 











w 
< | BREED. | at 
~ 
—s = 

) Vis. 
Ge hy. 0.9 
ai G. Jy., | 6 
= | Reg) Oe 
4) G. Jy. | 7 
5} G. Dev.,| 7 
GSS 92548 so 
7| G. Jy., 7 
8) G. Jy-, | 4 
g| G. Jy., | 10 

to} G. Jy., | 6 
11| G. Jy., 4 
12) G. Jy., 4 
1 G. fy., 5 
14| G. Jy., 4 
15, G. Jy-, | 4 


“I On DOOD I DMNMO DMM LD { 



































é- ee DaIty ) Dairy Percent-| *© Dalry 

= AO Mitk Frow. | AGE OF Fat. YieELD oF Fart. 
ES) LR : > ee 
= (5.41 Min. | Max.| Avg. | Min.|Max.| Avg.| Min. | Max. | Avg. 
bs. Mos.) Lbs. | Lbs. Lbs. | ¢ | ¢ | ¢ | Lbs. | Lbs. | Lbs. 
25! 2/|17.4) 20.7/19.6| 4.7/5.6) 5.2; .89/1.10/1.02 
75| 1 | 27.2) 30.3) 28.6) 4.0| 4.7|4.8] 1.15 | 1.42) 185 
5s0| 6 | 12.1 | 14.2!) 13.1) 5.4| 6.2|5.7| .65] -800eene 
00; 1 | 17.0) 19.3 | 18.2 | 3-9/ 4.5 | 4.2] .70) .85 / oie 
oo| 7 | 14.2| 16.2! 15.1! 4.0) 4.8) 44] .60] .78) .67 
25) 4 | 15.4| 18.8 16.9) 4.4) 5.2/4.9) -75} 92 82 
25| 6 | 16.8 | 18.8! 17.6} 4.8/5.8;5.2| -.84] £orp.ga 
75| 3) 13-9/ 18.4/16.8|6.0| 7.0/64| .89| 1-15 | LOF 
50| 30 | 13.3) 19.2 15.3] 5.8/| 7-416.8| -.94 |.1-18;) 108 
25| 4] 15.9| 19.0/ 17.4| 4.0/ 4.41483] .70] 0)nS 
oo| 5 | 12.9! 16.8) 15.1] 4:8|5.51|5.2| .64] 28o0t0re 
25} 9 | 12.9] 15-3| 18.6| 5.4) 6.0|5.7| .7o| -87) uae 
50} 1 | 15.9| 18.4 17.5] 4.3) 5.3|4.7| -78| -87) cee 
oo} § | 16.7/ 19.3 / 17.8) 4.7| 5-4} 5.1] -83| -95) .90 
75| 4|16.1/ 19.4/17.4}4.6|5.1/49| -79| -97) .6% 





Pounds of Food and Nutrients per Day per 1,000 Lbs., Live Weight. 








Kinps oF FEED. 


Corn and rye meal, | 
Gluten meal, - | 


Bran, - = 


Total conc. food, 
Fodder, - = 


Total food, - 
Minimum per day.| 


Concentrated food, | 


Coarse food, . 


Total, - - 
Maximum per da | 


Concentrated food, 
Coarse food, = 


Total, - . 





DIGESTIBLE 











3 Torta | 
= NUTRIENTS AND FUEL VALUE. ) NUTRIENTS AND FUEL VALUE. 
mt te : Re eee 
a | 2 2. | .bas | 2] «4 3832 50e 
= 2) a | tk) S$ | 82) 2) & |) ee ieee 
c Sl/&® |} sea i 2ies|e| = | ss lse|=s 
be § ie Be Be Bee en 
Lbs. | Lbs. | Lbs.| Lbs. | Lbs. | Cal. | Lbs.| Lbs.| Lbs. | x: | Cal. 
3.8 .38) .12) 2.58 .06, — 29) .II| 2.27} — | — 
3-3, 1-31, .47) I-17, -05) — |1.14) .41) 1.09) ~ 
3.6) .73;. .2% 1.80! .31; — 57| -16) I. 29, — —- — 
el Spe Pe eee oe ee 
10.7| 2.42) .80) -5.55! .42/19Q000}2.00) .68, 4.65} 3. 2 15200 
18.9 1.32 a 8.25 5.24 29550 JO -25 8.48) 13.0) 18100 





2.70 .93/13.13 5.7 38300 


(29.6 3.74 1.28 13.80 5.66 48550 


| 


10.6 Pac 80. 5-50 .44 18g00) I. 98 -67] 4-59] 3-2) 15050 
|17.0/1.19) .43) 7-41 4.71,26600| .63) .23) 7.61) 13. me 








—— eC | — _______ 





27.6 3.60 1.23 12.91 5.15 45500 2.61} .gO} 12.20] 5.6) 
| 


10.4/2.27 .76, 5.53 .39 18450| 1.87) .65| 4.67 3-4 14900 
122.1/1.55| .56 9-63 6.12 34550} .82) .30) 9.89/13. 0 21200 


31350 


ee eS ee a ee Se 





132.5 3.82 1.32 15.16 6.51 53000 2.69) .95|14.56| 6.336100 
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a 


id 


: 


eo, rece 


# Dairy Test No. 20.—Statistics of Herd from Jan. 2 to 13, 1894. 


: 
' 





DaiLy Dairy Percent- Daty 
’ 


Mitx FLow. AGE OF Far. | Yuen or Far. 


Mos, Since 
Last Calf, 























































| ¥rs.|Lbs.|Mos.| Lbs. | Lbs. | Lbs. | g | g | g |Lbs.| Lbs. | Lbs. 
» 4) G. Jy-, | 5 | 800] 3 | 20-4 | 24-5 | 22.4 | 3.4/ 4.0/3.6 
21G. Jy., ) Io | 825| 2 | 21-7] 25-0| 23.2 3.3/ 4-1 3.9 | .76| .99/. 
3G Jy-- | 3 |675; 5} 11-2) 130/119 4.1 | 4.9/4.6 | -49| -59| .55 
4| Native, | 12 1725] 9} 8.5|103) 9.5 4.1/5.0 45 | .35| .52/ .42 
5| Native, | 7 (725) 4 16.8 | 19.6} 17.9 3.7/| 4-8 | 40 | .65| -86/ .72 
» 6) G. Jy.. | 3.650) 5 | 10.6| 13.2/ 12.0 | 4.1) 4.9 | 4.7 | .48| -65 | .56 
7|G. Jy-, | 47825) 4 | 19-8 | 22.4| 21.2 3.6/42 40/.71| -90) .84 
8) G. Jy., | 6 | 800) 2 | 21-4 | 24-7 | 23.1 3.0) 3.6/3.4 | .65| .89| .78 
g| Native, | 5 | 850] 3 | 18.9| 22.0| 20.4 4.2) 4.9 4.6 | -79| 1.02/| .94 
10} Native, | 12 |g00/ 1 | 19.9 | 25.0} 23,5 | 3.6} 4.5 | 41 | .82| 1-12] .95 
) 22| Native, | 12 | 825] 1 | 22.9} 28.4 | 25.5 | 3.4 | 4.3 | 3.8 | -82 | 1-16 | .97 . 
I2| Native, | 13 | Soo 2 | 18.0 | 24.0} 19.6 | 3.2 | 3.6|3.4].59| -86) .67 
53) G. Jy.. | 2|600} 6] 9.4} 11.1 / 10.2 | 4.5 | 5-1|48]-45] -53/ .49 
/ 14) G. Jy-, | 5 | 800) ole Wa oh aa 18.9 3.9 49 29 73 -97 .8 bd 
» 45) G. Jy, | 2 |600; 5} 9-1/ 15-2) 10.5) 4.5 | 5.0/4.7 | -43| -76 .50 
16} G. Jy., | 2 600] 5 | 10.1 | 15.7 11.5 | 4-9 | 5-5| 5.1} .51| -83) .59 
Pounds of Food and Nutrients per Day per 1,000 Lbs., Live Weight. : 
. 
3 ) Tora. . Dicestis.e 
S NUTRIENTS AND Fuet Vatue. | Nutrients anp Fuetr VaLue. 
E25 peace Geeces GAeGGe: ce GREE ; 
Kinps oF Feep. Peg ver 2 : 3 . Se ee : 7 
Pao boar pee) & 1 ei bs Pe pesiaet es 
ceo ti bowl fe) oe) ee a ee ek ee he 
\z ed bee le eS OS |g") "> 
| Lbs. | Lbs. | Lbs. | Lbs | Lbs.) Cal. | Lbs. | Lbs.| Lbs. |: | Cal 
_ Cob meal, = - | 8.3] -94| -32| 5-74] -37] — | -71)-26] 4-92] — | — 
_ Bran, - = | 3-8) .65] .18] 2-11) -33] — | -51)-13]| 1.50 - — 
Total conc. food, | 12 1 1.59 .50, 7-85! -70 20950) 1.22 .39 6.42, 6.1 15800 ; 
_ Fodder, - - {16.1} .89) .34] 5-62/4.16) — | .40] .og/ 5.29; — | — - 
_ Oat hay, = - | 8.4) .64) .28) 3.54. 2.10 — ) .35| -16| 3.38] — | — 
Total coarse food, 4.5 1.53 9.16 6.26 34150) .75| -25 | 8.67) 12.4 18600 
_ Total food, - 36.6 3.12 122 17.01 6. ees - oy .64 (15.09 8.5 34400 
; Minimum per day. . | . 
oe oncentrated food, | 12.5) 1.62 52 8.11 edeeatied -4I | 6.66 6.2 16400 ; 
Coarse food, - 20.2) 1.28) .52, 7-59 5.16 (28300, ei -22 7.19 12.3 15500 y 
Total, - - |32.7| 2. ay 1.04, 15.70 5.87 49900 I. 87 -63 | 13.35, 8.2 31900 
Maximum per day. | . | 
Concentrated food, 12.5) I. 64 52 8.08 .72/21600) 1.26) .41 | 6.61) 6.1 16400 ' 
‘Coarse food, - [28.9 1.78 -71) 10.72 aes .86 .28 | Io. 14 12.6 21600 : ’ 
a<- * eS SaP 


- - |41. 3-42) 1.23, 18.80 8.12 


(61600) 2. 12 . 69 | 16. 75) 8.7 38000 





yO et en: ee 
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Dairy Test No 


TABLE 6. 


STORRS AGRICULTURAL EXPERIMENT STATION. 


2r.—Statistics of Herd from Jan. 15 to 27, 1504. 




















: Soh eerste ok 
< BREED. & = oe 
64 ete 

Yrs. | Lbs. | Mos 
TiN Ge ey a7 O50) Sol 
BG a Yerwiel? Versi 5 
Bh Geo WO VO25 0 I 
4| Gy., OF 75 1 eet 
5| Jy-s 6 |825| 4 
OPN eG Vinee 5 5) O50) 7 
TheGoal <4 O50) 9 5 
BC yg a) 20 167-75 1) <0 
OKA le 3 e700) “IO 
Io} Gy., 20m| 700] 2 
11) D& Gy 3.1925) 5 
Pers GY 10.6501 6S 
13 aay, 8 |goo| 2 
TAVIS AGY., 71850| 6 
ER Cye,1 4 ¢Q00)7 6 
16) Jy., 4|725| 4 
(7| Jy-, 4 |700} 3 
Poet tsy.04, 4.4 800 | ak 
19) G..Gy., | 21750] 3 

















DAILy 


MILK FLow. 


DaILy PERCENT- |' 


AGE OF FaT. 





DAILY 


YIELD OF Fart. 











Max. 


Lbs. 
Aver 
23.8 
33.6 
23.5 
2156 
20.2 
25.0 
28.7 
I1.5 
£370 
24.6 
10.0 
28.5 
LOe 
16.9 
2254 
2502 
19.9 
16.8 








9-9 
II.5 
19.7 

8.3 
25.0 
16.9 
134 
18.5 
2716 
14.4 
14.6 








Avg. 


Lbs. 


39.3 
22.0 
31.8 
21.4 











Min.|Max 
% | % 
3-9 | 4.5 
4.4 | 5.1 
4.2 | 4.7 
4.1 | 4.5 
A215 .0 
4.3 | 5.2 
4.6 | 5.5 
4.6 | 5.4 
4.1 | 4.6 
| 4.0 | 4.7 
3.9 | 4.8 
5-0 | 5.9 
4.3 | 5.0 
5.0 | 5.6 
4.8 | 5.5 
57st O05 
3-3 | 4-5 
5.6 | 6.8 
5«D | 5-7 





C1 O> G9 O> CLOT YD Ove HA HB OT OTS aR BR 
OCOWVWOrMHNOOIPCOWOrHrOOWOUOGMOD 


.| Min. 


Icbs? 


1.53 
.98 
1.29 
sOL 
.78 
ately | 
riot 
1.05 
.4I 
47 
.92 
45 
L.16 
.87 
.69 
The 





72 
.92 
-74 


Max. 


Lbs. 


1.74 
RAG 


1.58 
1.05 

-99 
1.01 
1.35 
1.49 
55 
-59 
.02 
.58 
34 
.05 
.86 
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Ln 


.00 
35 
.gI 


La 


34 | 


Avg. 


Lbs. 


1.06 








Pounds of Food and Nutrients per Day per 1,000 Lbs., Live Weight. 








KINDS OF FEED. 





Grain, 
Hay, 
Ensilage, 
Oat hay, 


Total coarse food, 
Total food, 


Minimum per day. 


Concentrated food, 
Coarse food, 


Total, 
Maximum per day. 


Concentrated food, 
Coarse food, 


Total, 


Average Fed per | 
Day. 





iz 
on 
n 


12.5 
9-7 
se 
4.9 


29.9 
42.4 


DIO 
31.4 


42.4 





13.3 
29.7 


43.0 


TOTAL 
NUTRIENTS AND FUEL VALUE. 





Protein, 





ai bs. 


2.74 
-57 
-43 
38 


1.38 
2.41 
1.42 
3.83 


2.91 
1.37 





4.28 


3 

om 
Lbs. 

72 


.29 
20 


.14 


163 
1.35 





-63) 5.85 


127) 15055 


Bah Wh (ey 
62] 9.34 


1.38] 16.41 





.64| 9.70! 








.63 
5.00 


5.63 





-77|23200 
4.89|}31650 


5.66/54850 





32000 


53850 


I 
32700 


51900 


Protein. 





bss 
2.19 


-20 
+20 





aI 
2.90 


9200] 1.93 


-73 
2.66 





2.33 
70 








3.03 





DIGESTIBLE 


Fat. 





Lbs. 
-59 
.16 
a ae) 
.08 





.40 
ALL) 


‘52 
41 





-93 


-63| 5-47] 3.0 
-39| 8.77] 13-9 





1.02/14 24] 5.5 








NUTRIENTS AND FUEL VALUE. 





Carbo- 
hydrates. 





GC 
ae 
ie 


5-15 
4.24 
2.55 
2.09 


8.88 
14.03 





Nutritive 
Ratio. 





Lal 
oe 


3.0 











19500 


35600 


4.53) 3.0|/£14200 


9.08 


13.6] 








13.8 


6.0 





20000 


34200 


17200 
Ig200 


36400 











A STUDY OF -RATIONS FED TO MILCH COWS. 




















on 
TABLE wi 
airy 632 V0. 22.— Statistics of flerd from Jan. 29 to Feb. I0, 
ISO4. 

a Ss on DaILy DaILy PERCENT- DaAILy 
2 v a CS: Mick FLow. AGE OF Fart, YIELD OF Fart. 
4: | BREED. = 3 | ae 
re me s4 Min. | Max. | Avg. | Min.|Max.| Avg.| Min. | Max. | Avg 

reste Mos.) tbe! ine Lbs, | @ | @ |g | Lbs | Liber ithe: 
Pearce; | Lt 1875) 2 | 16.4) 19.0! 17,7 | 4.5 | 4.9 | 471 79’) .89) 188 
eee Ue). o0d) 2) 17.0 | To.7 | 18.8 13.4) 3-9/ 3.7. .58 1 7) eG 
ee Dut 7 900) 2 21.1 |) 23.8 | 22.7 13.51 4.01 3,8) .80] 1951) 286 
AG yy-5 | 9 (750) 4 | 14.2 | 17.1 | 15,8) 3.5 | 3.9/8.8] .53'| .67) .60 
Bee ative, s")000)} 1 | 18.1 ) 21.6 | 20.9 | 3-4./4.01 3,6) .66) 9 .79g)) 774 
ee yey ra 750) 1 | 174s) 9,9 | 18.7 | 3.0 )3.013,8 | .53 ) 72°62 
7| G. Jy., Geel) On i 7 Sel Cie24 18.9)°3-6:1'4.0°) 3,0.) 7", 20 ea To os 
emivan ao pye5) 4)| 15,4) 17.3 16.0) 4.01 4:8 14,0) .63) o74 1 769 
g| Native, 3 6001 9 B67 0,01 9.01431 SO 4 ele 38 Aono 
Peer ye tO | 85012 | 78.71) 9.6) ° 9,2] 3:9) 4:8 | 4b 33 1 42 7) 38 
mupereGy./ 4800) 81 5.9] 8.0) 6.94.31 4.8)4.67 .27) 37 | 32 
Bei ative, | 341 700!) 9.| 9.6} 12.3 | 11.0: 3.6 4.1: 3.9 | .367 148.) 449 
Bae ative, 3 |825| 9 | 9.0! 15.1 | 18.5) 3.6) 4.3/3.9 -39) .61) (58 
14| Native, | 3 /650]/ 11 | 8.5| 10.5) 9.2/4.8)5.4/6.1| .42) .53| .47 
Bememyes)) 4} O25) 11.) 2.5, / “74 |- 6.475.211 5.915.5) «25 } 140) 35 
16 G. Jy., urea Same Lien roan SQ) 0:0 422115. 00) 2:0. len TO osu oS 









































Pounds of Food and Nutrients per Day per 1,000 Lbs., Live Weight. 








Kunps oF FEEp. 


Cob meal, - - 
Wheat bran, - 


Total conc. food, 
Stover, - - 
Oat hay, - - 
Hay, - - - 


Total coarse food, 
Total food, - 


Minimum per day. 


Concentrated food, 
Coarse food, - 


ictal. = - 
Maximum per day. 


Concentrated food, 
Coarse food, - 


Beetals | = = 


om | Average Fed per 
Day. 


lee 
n 


9.8 
13.4 


222 


10.2 
18.1 





28.3 








Protein. 


1.42 
1.70 


Fat. 


bs: 
.18 
“10 
-37 


a desl 


.19 
a2 


71 
.88 


37 
47 


84 


.38 
a 





























TOTAL 
NuTRIENTS AND FUEL VALUE. 

e ’ — 0 s 
eh aie ee 
Gero seed alae Mins 
AOpieeon 44 
PRAGA © 24). Ss .62 
6.25) .61|16900) 1.06 
JAG ie OOhm ales 
218 3 \te Of) a a1. 
2-050; OS sal 20 

.77|4.41|27800] .85 
14,02) 5.02/44700 1.91 
6.08} .62)16550/ 1.05 
6.04] 3.91/22950] .72 
12.12| 4.53)39500) 1.77 
6.33) .65/17250/1.10 
9.01| 4.41|30250| .go 
15.34| 5.06/47500} 2.00 


Bele 


.89 





DIGESTIBLE 
NUTRIENTS AND FUEL VALUE. 
pe OR NE Aree a A ORE 


Fat. 





Lbs. 


ne 
mie 





520 
.06 
sLO 
a 8 





25 
me)s) 


.29 
2k 





54 


30 
(27 





+57 





Carbo- 
hydrates. 





Lbs. 


3-49 
1.56 


5.05 
2.29 


2.39 


2.78) — 





7.46 
12.51 


4.92 
5.96 


10.88 








Nutritive 
Ratio. 
Fuel 
Value. 














16600 


6 
7.329200 





5.4 12300 
g.2, 13500 


6.9 25800 





(12850 
18400 


7-5 31250 


5-3 
10.1 

















36 STORRS AGRICULTURAL EXPERIMENT STATION. 


TABLE 8. 
Dairy Test No. 23.—Statistics of Herd from Feb. 12 to 24, 18094. 





DAILy DalILy PERCENT- DAILY 




































































D5 
a s |45 MiLk FLow. AGE OF Fat. YIELD oF Fat. 
7 BREED. & 2 ae Se 
wZ 2 5 Min. | Max.| Avg. | Min.| Max.| Avg.) Min. | Max. | Avg. 
Yrs. | Lbs. | Mos./ Lbs. | Lbs. |" Lbs. G % g | Lbs. | Lbs. | Lbs. 
1|.G. Jy., 5 |800} 3 |-19.5 | 23.21 21,8) 3.6) 4-11 8,9) (7855 ogee 
2| G. Jy., | 10/8251 2 | 22.3 | 24.8} 24.01 3.71] 4.1 | 6.97) 180) eto eaueee 
3| G. Jy., 31675) 5 | 11.41 73.8} 12.9146) 5.214.89 253 seo sume 
Al Ge 4y.; 3 1750| I | 21.2 | 23.9 | 22.4) 3.71 4.6|4.0) .80 "io 7mieee 
s| Native, | 7 | 725) 4 | 15.8 | 17.5 | 16.6) 3.7 | 4.219.9) .55 oo ue 
6| G. Jy., 3/650] 5 | 12.1 | 13.9 | 18,0) 4/8) 5.2 1 5.1 | 020 See 
“|G. Jy.; | 4.1825] 4 | 20.8 | 23.0] 29.01 3.8] 4.47 4:1 | (85 oyemeeene 
8] G. Jy., 61800] 2 | 21.1 | 23.4 | 22.81 3.4 | 3.71 8,5 | 72 eee eee 
9| Native, 5 |850| 3. | 18.8.) 23.3 | 20.8 | 4.41 4.9 ) 407) (88 et oaemems 
10| Native, | 12 | 900] I | 18.3 | 23.2 | 20.0 | 4.0] 4.6) 4.0 | 75 ))iaeoouee 
rr} Native, | 12 |825| zr. | 20.6 | 23.3 | 22.1 | 3:3 | 3:01 3.7) (920 ee 
12| Native, | 13 | 800| 2 | 19.3 | 22.3 | 20.3| 3.4/3.7/8.5| .66| .80] .71 
13] 'G. Jy., 2|600| 6 | 11.0] 14.4 | 19,9 | 4.51 5.3 14,9 | 5390) eee 
14| G, Gy.,| 5 |800] 2 | 16.21 19.1 | 18.0 | 4.1 | 4.9) 4.61 <73 1) bone 
iy LOA Byes 21600} 5 | 10.5 | 12.3} 10,8) 4.4/4.8 | 4.6) 47 eeeomeeee 
TO) Gu ly. , 2\600| § .| 12.4) 15.01) 18.5 1 4:91 7.5.1-5.7 | 7613) one 

















Pounds of Food and Nutrients per Day per 1,000 Lbs., Live Weight. 
































































































































oy TOTAL DIGESTIBLE 
os NUTRIENTS AND FUEL VALUE. | NUTRIENTS AND FUEL VALUE. 
| Geb 
Kinps oF FEED. » ¢ 3 se ity d ag £ a he 
e . 5 EN cts a OS, om aie 
Lbs. | Lbs. | Lbs. ie ibs: Cal: Lbs. | Lbs. eae ie “Cab 
Cornandcobmeal,| 3.3) .36) .12} 2.18] .17/ — | .27] .10; 1.88} — | — 
Bran, - - | 5.4] .99} .29]) 2.88} .50| — | .77] .21/ 2.06] — | — 
Gluten meal, - | 3.1/1.06) .12| 1.56, .06; — | .g2| .11| 1.44) — | — 
Total conc. food, | 11.8]2.41] .53| 6.62] .73/20400/1.96| .42| 5.38] 3.3/15400 
Fodder, - - |13.6 75) .28|. 4.76) 3.52) — .34|. .07| 4.47) sie 
Oat hay, - - | °g.2] .70| .31) 3.87) 2.30] +!) | .38] 217) 3.90).—— see 
Total coarse food,) 22.8} 1.45] .59] 8.63) 5:82/32050) .72] .24| 8.17] 12.2/17550 
Total food, - |34,6) 3.86) 1.12, 15.25 6.5552450 2.68] .66 13.55) 5.'7/82950 
Minimum per day. 
Concentrated food,| 10.8|2.20} .48) 6.05] .67|18600/1.80| .38] 4.91! 3.3|14100 
Coarse food, - |23.2|1.48] .60) 8.77|-5.92/32600] .73| .25| 8.31|12.2|17850 
tal pe - | 34.0) 3.68} 1.08] 14.82) 6.59/51200) 2.53) .63/13.22} 5.8/31950 
Maximum per day. 
Concentrated food,) 11.8)2.41| .53| 6.61) .73/20350|1.97| .42| 5.36] 3.3/15400 
Coarse food, - |24.0/1.53] .61| 9.07/6.12/33700] .75| .25| 8.58|12.3|18400 
OtaLe Ale - | 35.8) 3.94] 1.14] 15.68] 6.85|5 4050] 2.72} .67|/13.94| 5.8|/33800 




























































































Aron UuDY OF RATIONS FED TO MILCH COWS. 37 
TABLE 9. 
Dairy Test No, 24.—Statistics of Herd from Feb. 26 to March 
3, 1594. 

rs) ah ox DalILy DatILy PERCENT- DalILy 

Z 0 a mo MiLk FLow. AGE OF Fart, YIELD OF Fart. 

«; | BREED. a 3 lag 

ez = = Min. | Max. | Avg. | Min.| Max.| Avg.| Min. | Max. | Avg. 

Yrs. | Lbs. |} Mos. hast ore a0. % G G ae Tee. Lbs. 

Oa ae ee TsO rd) 20. 1h 2t.6720,9 13.81 4:01 6,9), .76 | 1.89 OL 
gis \y-; PepOsSOeetO 0 TO.4 619.8 Wlied 65,045.10} Orde od) 6 SO NOL 
al P. Jy.; pas bee Or) 16.6 17.0 116.9:) 5.01. 5-44 01a.) 2-55, |) 92.) 496 
4| G. Jy. Gai, G00)" © |23/2 | 26.2 | 94.81 3.214.611 G.4:)) .74 |) 189) 184 
raven fOreg25 hb TI) 13,8} 14.7 |} 14.91 5.41 5.7'175.0) .77 1) 280.0379 
ceremey= Os) GOO} 2. | 22.8 1 24.7 | 99.5 1-3.213.91¢6,0) .75 | .92 1° Oe 
7 G. ii Oueeocivn 2 20:2) eaare | 1 Oa a 4.74.64) .O3 1 T.04-0 90 
8] G. Jy., Pepto One LO. 3 fets-0 167.6 )1-4.0)) 5.0:n4,9 | St hk 195.) ..0¢ 
o-G. |y., S500) A |2,0 1:13.6-| 12.9) 4.47 4.84°4,61 84) .65 1) 60 
10} G. Jy., 4 rOsOue Ss, Fag et. 7 | 10.7 1.5.08 Sed Orem oF 7 |: sodce On 
mir. Gy., Bee 7 set 24,04. 28-0.1.95-0. 4.98.07) 40m 1.13) 120 8 Lak 
met. |y., | 12 |800} 2 | 24.6) 27.1-| 96.9] 3.21 3.413.8) .84| .89)..86 
mere iyeer 5750] 2 | 16.2) 19.01 17,7 | 4.91) 5.0) 4.9) .79 | .93 | 87 
14| G. Jy., 3.1750] 1 | 24.8 | 25.8 | 95.8|.4.3| 4.4 | 4.4} 1.07 | 1.13 | 1.11 





Pounds of Food and Nutrients per Day per 

















1,000 Lbs., Live Weight, 








KInps oF FEED. 


Grain, 


Stover, 
Clover hay, 
Hay, - 


Total coarse food, 
Total food, 


Minimum perday. 


Concentrated food, 
Coarse food, 


- 


l otal, 
Maximum per day. 


Concentrated food, 
Coarse food, 


Total, 















































DIGESTIBLE 

















0 ToTAL 

am; NUTRIENTS AND FUEL VALUE. 
| a 
os | .s Crees okie a? baa 
G a 7, Fes me) a 
Lbs. | Lbs. | Lbs. Leek Lbs. tear ee 
¥3.6)2.49) .621 7:78) .©§6\22750) 1.97 
3.4, .27| .06) 1.43) .9g2| — .16 
8.3) 1.78| .31/ 2.82)1.88; — /|1.08 
8.7 .51) 322). 4.00)2.62) '— oF 
20.4|2.56| .59, 8.25|5.42/32700 1.51 
34.0 5.05) 1.21) 16.03) 5.98/55450 3.48 
13.01 2,49), .62) .7.79) .50122800) 1.97 
19.8] 2.46] .60] 8.14] 5.36/32200) 1.44 
33-4/ 4.95| 1.22) 15.93) 5.92,55000) 3.41 
$4,012753)1 .63) 7.90) 5 7/23.100| 2,00 
20.6] 2.71] .58] 8.08) 5.29/32350| 1.61 
34.4) 5.24] I.21| 15.98] 5.86)55450| 3.61 




















Fat. 





lebss 
seal 


.O4 
15 
12 


chi 
82 


551 
30 


vey! 


eT 
wey 


.83 


Carbo- 
hydrates. 


a | 
io” 
n 


Sobre a. ores 
QBIAD AP] 
DOw f 


8.28 
14.82 


6.55 
7.95 


14.50 


6.65 
8.43 


15.08 

















NUTRIENTS AND FUEL VALUE. 





Ratio. 
Fuel 
Value. 





18000 


| Pee | Nutritive 
Seatac 


6.0 Tyeke 
4.837500 


18000 
18700 


36700 


4.0 
6.0 


4.8 


18300 
20000 


4.0 
5-7 





4.8|38300 
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TABLE Io. 
Dairy Test No. 25.—Statistics of Herd from March 5 to 17, 1594. 







































































FS > on DAILY Dairy PERCENT-| ~- DAILy 

7, v a ae Mirtx FtLow. AGE OF Fat. YIELD oF Fat. 

w; | BREED. = 3 | ay : 

x fe Ss | Min. | Max. | Avg. | Min.|Max.| Avg.| Min. | Max. | Avg. 

Yrs. | Lbs. | Mos./ Lbs. | Lbs. Lbs. | ¢ | g | ¢ | Lbs. | Lbs. | Lbs. 

1) Native, | 11 |875| 2 | 16.3.) 18.91) 17,6) 4.8)5.8 |) 6,11) .S2uvooummmm 
a\ G. Dur.,| 8 | 900) 2 | 17.7) 20.1 | 18.8 13.7 | 4.1) 8:9 | 67a 
3\-G. Dur.,| 7 | 900] _2 | 21.0: 24.3 | 22:6 | 4.0 | 439 ) 4,1 ) 28Gnir comms 
4G. Jy., | 9 1/750] 4 | 15.2) 18.8.1 17,0) 3.6) 4.0/3.8 | °5 50) 
5} Native, | 5 | 600] 1°| 19.2 | 23.21 91,8] 3.5 1/3-9 13.7) +730) ae 
6G. Jy., | 4 |750 |: 1 | 16.2 | 18.7 | 18.0} 3.9 | 4:4 | 4.1) NGq0 essen 
71 &. Jy-, |. 3/600] 9 | 9.1} 11.2) 10.8) 3:9 | 4.3) 4.1) 2 oGu eee ee 
8) G. Jy. | 9 |725| 4 | 15-4] 17-9 | 16.7-| 4.2 | 4-7 | Bl) 67) Seas 
g| Native, 3 |600| 9 | 9.2 11.15) 10.2) 4.85.3 Wome 45: | 255 (eo 
12; Native, |, 3/700] 9 | 10.2 | 12,8116 /3.8 | 4.5 | 4:0 |) -4q ee 
13) Native, | .3 | 825] 9 | 15:0] 17.9 | 16.3 | 3-9 | 4.3 1.4.0 |) 250m eee 
14| Native,-} 3 | 650) 11 | 9.4 | 11.9) 1016 / §.0 | 5.7 16.4 | aq) @ycmmean 














Pounds of Food and Nutrients per Day per 1,000 Lbs., Live Weight. 








TOTAL DIGESTIBLE 
NUTRIENTS AND FUEL VaLugE. | NUTRIENTS AND FUEL VALUE. 





Average Fed per 
Day. 


. © o 
KInbDs OF FEED. ¢ g e: . ¢ io |e ee 
2) el Ge | Biles) 8 eae oe 
5 Cs k =! falar o) Ko Heh a3 a 
os fin Mt P= ge let pm oe al alee = | & | 0 | oy | & 
Ay Fe > A, Om = > 
4 mae he 



































ebs7) Lbs.4| bsp Lbseaicbs. |) Gals lebsainlubsaimieinss ee Cal. 











Grain, . - | 10.8! 2.03] .49} 6.14} .66/185c0| 1.60} .40] 5.06] 3.8|/14100 
Oat hay, - - | 8.1) .87| .28) 3.50/2.51| — | .47) .15] 3.59) — | — 
Hay, - = A 8.71. FOP (BOP. A LSU Se ee .41) .16] 3.89] — ; — 
Total coarse food, 7.63)4.86\28 700) e6cl. .GE 16800 


16.8) 1.63) .58 ; 7.48| 9.4 
Total food, - | 27.6 3.66) 1.07) 18.77| 5.52/47200/ 2.48) .71/12.54) 5.830900 











Minimum per day. 

Concentrated food,| 10.0) 1.87} .45| 5.66] .62/17050| 1.48] .37| 4.66] 3.8/13000 

Coarse food, ~ |16.1/1.57) .55| 7-31|4.68/27550} .84] .30] 7.19] 9.4|16200 
Total, - - 26.11 3.44 I.00| 12.97/5.30|44600] 2.32] .67|11.85| 5.8|/2g200 

Maximum per day. 


Concentratedfood,| 11.4 2.13] .52| 6.46] .70/19450/1.68| .43| 5.32] 3.8]14800 
Coarse food, - |17.6/1.71| .61| 8.00|/5.09/30100] .93] .33! 7.84 9.3/17700 


— | | | | | 


Totaly = - | 29.0, 3.84| 1.13 14.46 5-79|49550| 2.61) .76|13.16| 5.8/32500 
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TABLE I. 
Dairy Test No. 26.—Statistics of Herd from March 19 to 24, 1804. 










































































o 
a s | aq DAILy DaiLy PERCENT- DalILy 
z, v i ee MILK FLow. AGE OF Far, YIELD oF Fart. 
w: | BREED. os cme: | ; 7 | 
62 e = | Min. | Max. | Avg. Min.| Max.| Avg.| Min. | Max. | Avg. 
Yrs. | Lbs. | Mos.) Lbs. | Lbs. | Lbs. % | % UA bss bs aie bss 
Bectelys. joes | 800) 4 | 13.7 \'T4:8 1.14.4 | 5.2) 5:36.21 2.73) 2.77) 275 
See iO, t2 | O50) 27 | 17.6) 14.2 |'12.8 4.9) 5.615.2) .61) 771) (66 
Peevative. |) So | 900 16.) 10.5, | 12.4 | LIL 4.7 | 4.9 | 4,8 -.49 | .60) °:68 
peeve eit) |5251 ~o. | 13,6 | 16.1 | 14,8 |.5:31 5:8 | 5.5) .72) 80 62 
pee yer 12 S50) 15 | 14.6) 15.6 15,0 | 5.6 | 6.2) 6.8). .82:/ .93) 468 
Beavative, | 11) 800) og | 15.4 /16.3 | 15.9 | 5.11 5.7) 5.4) -831. .or |) 186 
mmo. }) Sei G50| 21 | 7.8) 9:0) 8,6) 4.8 | 5.0] 4.91 +39) 43) 42 
eeryesyi OFQ50) 16 , 13.8 | 16:1 | 14.7 |.4.4 1.4.8 4.5} .63 | 2714 167 
Bee ative, 451650) 19 | 7.77) 8.8) 8.45.7) 6.516.9) 48) 55 1 262 
ro) G. Jy., | 4 /|750| 1 | 22.4/ 25.0] 23,6 | 3.1 | 3.9|3.6| .69| .89| .84 
mrt Gy. Jy., Ames een Coreen s,s .010 Ore 4 ete bb Goll Gee ee 7 mola oy 
Bote Jy., |: 5 | 800] 1 |} 20.1 | 27.6 | 94,6 | 3.4) 3.6) 3.6) .68| .991>-786 
ee ee et, 07009). 09.) 76.39)1727 | 7.8.).6.51.6.8' 1 6:64 241-250) 48 
eee eye 3 | O75 1b | 6:8) 6:4) 6.1) 6.1)6.8)6.4) .36) .43) 139 
15] G. Jy., 7008 T2404. 3 | (Goes! | 8.1 GHPci ee toiN Patel! 818) 

















Pounds of Food and Nutrients per Day per 1,000 Lbs., Live Weight. 






























































D ToTAL DIGESTIBLE 

La NUTRIENTS AND FUEL VALUE. | NUTRIENTS AND FUEL VALUE. 
oO 

ms ‘ 
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Gluten meal, - | 3.5] -92) .55] 1.45 .36| — .80) .48] 1.44) — | — 
Middlings, = | 7.1\/1.48| .46) 3.53} .56) — |1.15) .35| 2.72) — | — 
Total conc. food, | 10.6) 2.40/1.01} 4.98] .g2/19700/ 1.95]. .83) 4.16} 3.2/14900 
Hay, - eID ACS 1.05.40) 6:46) 4. 06123200)) .57ie'.22) (0.91, 12,1113700 





Total food, - | 24.9 3.45 1.41 11.44 4.98 42900] 2.52 1.05/10.47' 5.2 28600 


























Minimum per day. 

Concentrated food,| 11.0] 2.49] 1.04) 5.19) .97/20450/2.03) .85] 4.34] 3.1/15400 

Coarse food, - |10.0] .73| .28) 4.52/2.85|/16250) .39] .15| 4.42|/12.3] g600 
otal ye. - |21.0/3.22/1.32/ 9.71) 3.82/36700] 2.42| 1.00] 8.76] 4.7/25000 

Maximum per day. 

Concentrated food,| 10.8| 2.45| 1.04) 5.08) .g4/20150|1.99| .86) 4.26] 3.2/15200 

Coarse food, - |15.2|/1.1I| .43| 6.88) 4.32/24700| .60] .23] 6.71/12.1/14600 


a a eS eee 


Yotal, - - |26.0| .56|1.47| 11.96] 5.26'44850] 2.59] 1.09|10.97| 5.4/29800 
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| TABLE 12, 
Summary of Total and Digestible Nutrients Fed per Day per 1,000 
Lbs., Live Weight, on Dairy Farms in Connecticut. 
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8.30) 1.14) 12.49) 5.84/45000) 2.16 


DIGESTIBLE 





























S 
em 
tee 
55 
-44 
99 
-49 
.36 


.85 


.87 
.28 
1.15 
.40 
-47 
93 
76 
-49 
1,25 
.51 
.36 


87 


.65 
-44 


1.09 


50 
43 


.93 


58 
25 


"83 


Carbo- 
Ratio. 


hydrates. 
Nutritive 





ise 
<p 
ie 


3.51 
9.73 


13.24 


5.58 
9.61 


15.19 


4.65 
10.13 


14.78) 5.7 








4.99) — 
11:67 = 


16.66. 7.0 


2.64) — 
12.55| — 


15.19) 5.7 


3.58 
10.97 
14:56 


7-70 
10.30 


18.00 


5.35 
11.60 


16.95 





8.1 





8.4 


3.14 
8.91 


12.05 








NuTRIENTS AND FUEL VALUE. 








37950 


14000 
25800 


39800 


12200 
27200 


39400 


IIIOO 
23400 


34500 


19740 
22860 


42600 


15050 
26300 


41350 








10500 
19450 





29950 








A STUDY OF RATIONS FED TO MILCH COWS. 


TABLE 12.—/( Continued. ) 
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TABLE 12.—( Continued. ) 
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hos 2 cs ) ue ro feat 5 es tt ie 3 
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Concentrated food,| 2.74) .72| 6.65] .72/21850|2.19] .59] 5.15] 3.0|16100 
a Coarse food, - | 1.38} .63| 9.44|4.96/32000] .71] .40]} 8.88/13.9|19500 
Total food, - | 4,12) 1,35) 16.09) 5.68'53850/ 2.90) .99/14.03) 5.7/35600 
Concentrated food,/ 1.38) .37| 6.25] .61/16900/ 1.06] .29] 5.05] 5.4|12600 
oe Coarse food, ~ 11.60] .51) 7.77] 4.41/27800} .85) 4.29) 7.40) 0Oso anes 
Total food, - 2,98} .88 14.02/5.0244700| 1.91} .56/12.51) 7.3/29200 
Concentrated food,|2.41|] .53/ 6.62] .73 20400 1.96] .42} 5.38] 3.3/15400 
ae Coarse food, - |1.45| .59| 8.63/5.82/32050] .72| .24) 8.17) 12.2myeee 
Total food, - | 3,86) 1.12) 15.25) 6.55/52450| 2.68) .66/13.55) 5.7/32950 
Concentrated food,| 2.49} .62| 7.78] .56|22750/1.97| .51| 6.54} 4.0)18000 
oh Coarse food, - |2.56] .59] 8.25/5.42/32700/1.51] .31| 8.28] 6.0j/r9500 
| Totalfood, - |§,05/ 1.21) 16.08) 5.98/55450| 3.48} .82 ae 4.8 37500 
( Concentrated food,| 2.03} .49] 6.14] .66/18500|1.60] .40] 5.06} 3.8)14100 
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Concentrated food,| 2.40] 1.01] 4.98] .92/19700/1.95] .83] 4.16} 3.2 14900 
oh Coarse food, ~ 11.05] .40| 6.46] 4.06/23200) .57| .22] 0.31) 12.0 ogee 
Total food, - |3,45 1.41) 11.44 4,98 42900) 2.52| 1.05) 10.47) 5.2 28600 
Average of the above 25 rations, 
Concentrated food, - - - - - - |1.63] .55| 4.78) 3.6/14250 
Coarse food, - - - - - - - | .88) .35} 9.14] 11.3/20100 
Total food, - - - - - -  ~- {9,51} .90/18.99) 6.8184350 
Average of 22 of the above rations.* 
Concentrated food, - - - - - - |1.59| .56} 4.72! 3. 1)140Re 
eOArSe fOOd.) so a> - - - - - - | .89} .35| 9.23} 11.3/20200 
Total food, - - - - = = -]|2,48) .91/18.95) 6,4/34250 

















* Three of the 25 rations (Nos. 21, 23 and 25) were suggested by the authors. Hence the 
22 rations, the average of which is here given, actually represent the feeding practices of these 
dairymen. 
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Table 12, on pages 4o to 42, gives a summary of twenty-five 
rations fed on dairy farms in Connecticut. In the first five 
columns are given the total nutrients and the total fuel value in 
the materials fed. The three following columns give the calcu- 
lated weights of digestible protein, fats and carbohydrates. As 
explained on page 30, these weights are calculated from the 
total nutrients by the use of factors (digestion coefficients) 
obtained from digestion experiments. These factors are only 
approximate, and the weights of nutrients obtained by their use 
are also approximate. The next column contains the nutritive 
ratio and the last column gives the fuel value of the digestible 
nutrients in the rations. 

It will be seen from table 12 that the smallest weight of digest- 
ible protein fed per day per 1,000 pounds live weight, was 1.35 
pounds, and the largest amount was 3.48 pounds. The fuel 
value of the digestible nutrients fed per 1,000 pounds live weight, 
varied from a minimum of 28,600 Calories to a maximum of 
42,600 Calories. ‘There was also a correspondingly large range 
in the nutritive ratio of the rations fed. The narrowest ration 
Meuscie ratio Of 1:4.5; the widest, of 1: 11.3. 


EXPLANATIONS. 


Uses of food.—The two chief uses of food are to form the 
materials of the body and make up its wastes, and to yield energy 
in the form of heat to keep the body warm and in the form of 
muscular and other power for the work it has to do. ‘The prin- 
cipal tissue-formers of the food are the protein or nitrogenous 
compounds. They build up and repair the nitrogenous mate- 
tials, as the muscle and bone, and supply the albuminoids of 
blood, milk, and other fluids, ‘The chief fuel ingredients of the 
food are the carbohydrates (such as sugar, starch, etc.,) and fat. 
These are either consumed in the body or stored as fat to be’ 
used as occasion demands. 


Fuel value.—The value of food as fuel may be measured in 
terms of potential energy. The unit commonly used is the 
Calorie. One Calorie is the amount of heat necessary to raise 
the temperature of a pound of water about four degrees Faren- 
heit.* From experiment it has been found that a pound of pro- 
tein or carbohydrates yields, when burned, about 1,860 Calories 
of fuel value and that a pound of fat yields about 4,220 Calories. 





* The Calorie is exactly the heat necessary to raise the temperature of 1 kilogram of water 
one degree Centigrade. 
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Nutritive ratio.—There is a very important relation between 
the amounts of protein (flesh formers) and the amounts of fuel 
constituents of a food. ‘This relation is expressed by the nutritive 
ratio. The fuel value of fat is about two and one-fourth times 
that of the carbohydrates and the protein, hence it happens that 
if the sum of the digestible carbohydrates and two and one- 
fourth times the digestible fat of a ration is divided by the 
amount of digestible protein in the ration, the quotient gives 
what is called the nutritive ratio. 


Wide ration Narrow ration.—lf the quantities of digestible 
fat and carbohydrates are large relative to the protein, the nutri- 
tive ratio will be a large number and the ration is called a “‘ wide 


ration;” if the quantities of digestible fat and carbohydrates are | 


relatively small, the quotient is a small number and the ration is 
a “narrow” one. A ration where the nutritive ratio is much 
more than 1:6 may be called a ‘wide ration;” if much less it 
may be called a “narrow ration.” 

Nearly all of the grasses and hays have a large nutritive ratio, 
and the same is true of corn and many of its products, such as 
meal and hominy chops. The use of such feeding stuffs’ will 
tend to make a ration wide. ‘The legumes such as clover, peas, 
vetch, etc., and many of the products of milling and food manu- 
facture are relatively rich in protein, and hence have small nutri- 
tive ratios. Wide rations are much more common among American 
feeders than are narrow ones. Narrow rations would be better. 
Practically it is probably unwise to feed a ration whose nutritive 
ratio is greater than that of one to six or seven. 


The measure of the size of a ration.—In order that a ration may 
be complete, there must be enough digestible protein supplied in 
the food to build new tissues (bone, muscle, milk, etc.,) and repair 
the wastes of the body, and sufficient digestible fat and carbo- 
hydrates to furnish heat and muscular energy. As the chief 
function of the fat and carbohydrates is to serve as fuel, it is 
more important that enough of these should be provided to meet 
the needs of the animal than that they should be supplied in 
definite relative proportions. It is, therefore, possible to form a 
very good idea of the nutrients furnished in a ration, and to 
measure its size by the quantity of digestible protein or flesh- 


formers which it contains, and the fuel value of its digestible 


constituents. 
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DISCUSSION OF THE RESULTS OF THE TESTS. 


The results brought out in such a study as the one here 
reported are tentative rather than final. ‘This investigation was 
not undertaken with the expectation of obtaining startling facts, 
nor would we be warranted in drawing very definite conclu- 
sions from the tests. We do believe, however, that there is much 
of practical importance to be obtained along this line of inquiry, 
and that the results herewith presented merit the careful atten- 
tion of dairymen. 

It is probably true that the animals of most of the herds exam- 
ined were, so far as breed, milk and butter product are concerned, 
above the average of cows kept for dairy purposes in Connecti- 
cut. It is doubtless true that the feeding practicéd by the 
owners of these herds is better than that which is generally 
practiced throughout the State. These facts, taken together 
with the shortness of the periods of observation to which the 
herds were subjected, have been kept in mind in the following 
discussion of the results of the tests, which is reprinted from 
Bulletin 13 of this Station. 


A RATION FOR A MILCH COW. 


A proper daily ration will supply, in appropriate forms, the 
protein needed to form the nitrogenous materials of the body 
and the energy required for heat and muscular work, and a 
proper feeding standard will call for sufficient digestible protein, 
fats, and carbohydrates per day to meet these needs. But just 
what these weights should be is a matter of considerable uncer- 
tainty. Differences in breed and individual peculiarities of the 
animals, and in the food and handling, as well as other conditions, 
known and unknown, bring it about that the best rations for one 
cow may not be the best for another. The feeder must know 
his cows and fit the food to their wants. But in so doing he 
may be greatly helped by feeding standards. 

In the following table are given the commonly quoted standard 
ration proposed twenty-five or more years ago by Prof. Wolff, an 
eminent German chemist and experimenter; the average of 128 
American rations as ascertained by the Wisconsin Experiment 
Station; the average of 16 rations fed in Connecticut in 1893, and 
of 25 fed in 1893 and 1894; and a tentatively suggested ration. 
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German (Wolff's) Standard Ration, together with Averages of 
Some American Rations anda Tentatively Suggested 
Ration per 1,000 Lbs., Live Weight. 
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RATION. SS ak a 

00 Pro- Pa Carbo Fuel =e 
Orsi 4) tein: hydrates. | Valueneanc. 

Lbs. | Lbs. Lbs. Lbs. Calories.| 1: 

Wolff's (German) Stand- 

ard, - - . - | 24.0 | 2,50 .40 12.50 29,600 | 5.4 


Average of 128 American 
rations compiled by the 
Wisconsin Experiment 
Station, 2) ee i)" 247m a 62.40 74 13.27 31,250 | 6.9 

Average of 16 rations as 
fed in Connecticut in 
1892-93, - : - | 26.4 | 2,48 .94 14.09 84,800 | 6.5 

Average of 25 rations as 
fed in Connecticut in 




















1892-94, - : = 1 36.8.4 92.01 gO 13:02 84,350 | 6.3 
Tentatively suggested ra- 
tion, - - 2 - | 25.0 | 9.50 | (.5 to .8)t | (13 to12)+ | 81,000F| 5.6 





* Wisconsin Experiment Station, Bulletin 38. 


+ In this suggested ration the fuel value could be supplied by about .5 of a pound of digest- 
ible fat and 13.0 pounds digestible carbohydrates; by .6 of a pound of digestible fat and 12.5 
pounds of digestible carbohydrates; or by .8 of a pound of digestible fat and 12 pounds of 
digestible carbohydrates. 


The German figures in the above table are based upon ob- 
servations of the feeding practices of the best German feeders, 
and a large number of feeding experiments conducted by trained 
specialists, chiefly in experiment stations. 

The 128 rations compiled by the Wisconsin Experiment Station 
were obtained in response to letters sent to “dairy farmers and 
breeders of dairy stock in.all parts of the United States and 
Canada, asking information concerning their methods of feeding 
milch cows.” ‘The average of these rations represents the aver- 
age of the feeding practice of American dairymen as ascertained 
from the more or less accurate estimates of the feeders them- 
selves as to amounts fed, etc. ‘The materials fed were not 
analyzed, but their composition was assumed from the averages 
of other analyses. ‘The Wisconsin Station proposes* this average 
as an ‘American standard ration for dairy cows.” 

The Connecticut rations given in the table represent the actual 
feeding practices of the dairymen whose herds were examined, 
so far as could be learned by weighing the foods actually fed 





* Wisconsin Agricultural Experiment Station, Bulletin 38, p. 46. 
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from day to day, and-by determining their composition by chem- 
ical analysis. ‘The factors used for calculating the quantities of 
digestible nutrients are the chief sources of uncertainty here, but 
this uncertainty is at present inevitable. 

In Germany there is a tendency to the more liberal use of 
protein. The ration proposed by the Wisconsin Station advocates 
less protein and more of the fuel ingredients of the food. Because 
carbohydrates and fats are so abundant and so cheap in this country 
that we feed them liberally does not imply, much less prove, that 
we are using them wisely. 


Widews. Narrow Rations. 
RESULTS OF TESTS IN 1892-93. 

There are so few American data upon the effects of rations, 
that the teachings of the studies of the herds made by the 
Station upon this question are of some value. 

Summary of rations fed and ytelds of butter obtained from sixteen 
herds examined tn 1592-93. The ytelds of butter are classified 


in accordance with the nutritive ratios of the ration and 
the amounts of digestible protein which they contain. 





















































SUMMARY OF RATIONS FED PER HEAD. DAILY AVERAGE YIELDS OF 
BUTTER* PER Cow. 
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Bebsar't ibs. ) Lbs. I: Cal. Lbs. il bs.ai bs. iia lebs: 
I, - - GOOn i 2250 | 2.25 6.0. | 30,100 ) — Lek phos — 
2,6 - Scowmesi<os | 2.24) 110.0. 1220,6007) | == £0 1.0 a 
3, - - SOOM E2E. 5's). 2:40 5.5 | 30;950) — 152 2 —- 
hee = BOO 125.00)" 2.08" 7.0. 131 850ck 40.8 — 0.8 — 
5, - - BOO ete a.7 2:52 5.5 |-31,500| — 10 1.0 — 
6, - - OOM 23:0" | “1.85 S. OSV 35 05000 0.6 — — 0.9 
7. ~ - 800 |} 25.6] 1.96 25. 347100 I.I ive — 
8, - - awe 20, 9) 2:33°). 6.6.5 30,000.) 2— 1.0 1.0 — 
9, - ean g00" | 20.5 | 1.93 | 6.5°./ 26,950) *0.9 — —- 0.9 
10, - - Sen 20,7. | 1.95 Ois4 27-3000 es Ie2 -- tee — 
aT: = - Sonmiesieay) 2:27 5.5 | 28,400| — 0.9 0.9 —_ 
12, - - Samim zOes ©) 2,02. lor 4.6 26,900 7 — nies) L.3 — 
13, - - BOO 10.4 | 1.76 | 0.0 |23,000 0.8 — 0.8 
14, - - Bieee22s0 1223218 0.0 1 20,550.10 == tt Do — 
15, - - BEOME ZO) 20 | SI. 15+ 11s) bl, 250"19 40.5 — — 0.8 
16, - - GOCE 2025. | 1,30; ;, 9.51. 20,050 | 0.9 se — 0.9 
Average, Sica oa.0) 92:06 40,001 29,000 (20.9) 1.01) Llc). 0.8 


























* Butter assumed to contain 85 per cent. of butter-fat. 
+ More or less than 2.2 lbs. fer 7,000 lbs., live weight. 
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In the table are summarized the rations fed in the herds 
studied in the winter of 1893, together with the daily yield of 
butter during the five days of each test.. The animals were of 
different breeds, and in many ways the conditions were such 
that the results are not strictly comparable one with the other. 
In the lack of better data the results are put together in the table 
to show what light they may throw upon the question of the effect 
of protein and the nutritive ratio upon the production of butter. 

The average daily butter yields are grouped by size of the 
nutritive ratio of the rations and the weights of protein fed. 
The animals having the narrower rations produced on the aver- 
age one-tenth of a pound more of butter per day than those 
having the wider, and those having the larger amounts of protein 
gave on the average two-tenths of a pound more of butter per 
day than those having the smaller quantities of protein. Too 
much importance should not be attached to these results, as they 
may have been partly accidental and due to causes other than 
feed. It is, nevertheless, a noteworthy fact that in the cases in 
which the cows were in about the same period of lactation, the 
yields of butter decreased as the protein decreased, and as the 
nutritive ratio increased. ‘This would seem to indicate that it 
would be safe in general to feed as much or even more protein 
than called for by Wolff’s standard ration if we would obtain the 
largest yields of butter from our milch cows. It would also, 
perhaps, be wiser until we have more light than at present, to 
make our rations larger, so far as their total energy is concerned, 
than the German standard. The size of the ration suggested by 
the Wisconsin Station as a standard ration, when it is measured 
by its fuel value, may not be too large for the demands of our 
conditions. Feeding stuffs rich in carbonaceous foods (fats and 
carbohydrates) are abundant and cheap with us, and it is some- 
times difficult to utilize the foods produced on the farm without 
making a ration larger in total energy than the German standard 


calls for. 
TESTS OF 1893-94. 


In the tests of 1892-93 it is not practicable to compare the cost 
of production upon narrow and wide rations since the rations 
differed with different herds. Inthe winter of 1893-94 tests were 
made with the same herds on wide and narrow rations, and the 
financial as well as the physiological results could be observed. 
The outcome of this work is briefly given here. 
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Samples of the different feeding stuffs used in the test were 
taken early in each test and sent to the laboratory for analysis. 

As soon as it was possible to obtain the results of the analyses, 
the ration fed was calculated and suggestions were made for 
changes in the ration. After changes had been made and the 
animals had been upon the new ration for a week or longer, 
the herd was again visited and a new twelve-days’ test was 
made. 

The prices of feeding stuffs which are used in calculating cost 
of the rations fed were current in December, 1893. The manu- 
tial value is based upon figures given in the Report of the Massa- 
chusetts Agricultural Experiment Station for 1893, pp. 358-365. 
The nitrogen in the feeding stuff is counted as worth 17% cents, 
the phosphoric acid at 5 cents, and the potash at 5% cents per 
pound for manure, and it is assumed that 85 per cent. of the 
quantities in the food may be saved in the manure. Unfortu- 
nately most farmers care for manure so poorly that a much 
smaller percentage is usually saved. 


Valuation of Feeding Stuffs as used in Rations Fed Mulch Cows in 
| Winter of 1503-94. 























Market Price Estimated Value of the 

FEEDING STUFFS er Ton prance (bia geuic 

: [F ee Stuff from One ‘Ton of 

aC riage Ars gs ee Feeding Stuffs. 

Wheat bran, - ; - - $19.00 $13.00 
Corn meal, - : - - | 21.00 8.00 
Cotton seed meal, - : - | 26.00 27.00 
Cob meal, = 2 = 20.00 6.00 
Linseed meal, O. P., - - 30.00 22.00 
Chicago gluten, ; - - 25.00 18.00 
Rye meal, - = - - 21.00 8.00 
Oat feed, ~ ss - 21.00 9.00 
Corn ensilage, - - - | 2.50 1.75 
Hay, - - - - - 18.00 6.00 
Oat hay, - - . Fi 14.00 6.00 
Corn stover, - - - = | 8.00 5.50 
Sarstraw,  - 4 3 - | 10.00 6.00 
Bog hay, - - - - 8.00 4.50 


Herp A.— TESTS. £6: AND 21. 


A dairy farm was visited by a Station representative December 
4-16, 1893, and after an interval of four weeks it was again vis- 
ited (January 15-27). There were 19 cows in each test, but four 
of them were changed between the two tests. 


4 
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The following discussion includes only the 15 animals entering 
into both tests. These included ro Guernseys, 4 Jerseys, and 1 
Ayrshire. The average estimated weight. was 825 pounds each. 
The average age was five years. At date of first test.the average 
time since last calf was dropped was five months. None of the 
cows were within four months of calving. The statistics of 
the rations fed are summarized in the following table. , 

The German standard and the ration tentatively suggested on 
page 46 of this Report and calculated for animals of 825 pounds, 
live weight, are appended for comparison. 


DATRY HERD OAD 2 Ties otieen es Diets 
Calculated Per Head of 825 Pounds, Live Weight. 








DIGESTIBLE NUTRIENTS 


FEEDING STUFFS. in FORO On 









































etc., .66| .37) 8.94) 19,450 | 15.0) 16.2; 5.9| 10.3 
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2 l¢|/.|¢2) 4 ls\3 Same 
Kind. ca meen Wel eremt= futicys une v-s| Z 
Be by Se ee B3 
_ 3 a 
< as = va | is 
First Test. Lbs. |Lbs./Lbs.| Lbs. |Calories} 1: | Cts.| Cts.) Cts 
December 4-16. 12 Days. 
: Wheat bran, - | 5.1 
Grain, C ; 3 6 6 
ee Ornomealy. “snl 24. 1.49] .45] 4.63) 13,300] 3.9) 10.4] 6.4) 4.0 
ey Cot. seed meal, | 1.2 | 
0.0 
6.6 


Hays, § Corn ensilage, | ro. 
Play aie - |I 











Total food, - - 36.7 |9.16| .82) 19.57] 32,750 |- 7.3/26.6/ 12.31 14.3 


Second Test. 
January 15-27. 12 Days. 





Grain, 




















Wheat bran, - | 5.4 
an } cor meal, - 23 | 1.81| .49| 4.25] 13,300} 3.0] 10.8) -g.5euaee 
sa Cot. seed meal, | 2.2 
Hoss hoeain ensilage, | 12.6 
ee Hay, - - | 8.0 .58). .33] 7.32) 16,100 |13.90/10.9) "4.4 
PM Gat hays|th J balaaie 
Total food, - - 1338.9 |2.89) .82) 11.57) 29,400 | 5.7) 21.7) Tipo eee 
German standard, - | — |2,06} .33| 10.31} 24,400 | 5.4) —=)) === 
Standard tentatively | 
suggested, - - — |2.06) — — | 25,600|} 5.6 — | — | — 




















The second ration as fed was larger and hence more expensive 
than was intended; nevertheless the total cost of the second 
ration was 5 cents less per head and the net cost was 5% cents 
less than the first. The use of cotton seed meal reduces the net 
cost of the second ration very materially, for the estimated value 
of the manure obtainable from cotton seed meal equals its cost. 
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HERD B.—TESTS 20 AND 23. 


Another herd was studied from January 2 to January 14, 1894, 
and a second test of the same herd was made February 12-24, 
1894, after an interval of four weeks. 

There were 16 cows in the herd tested, 15 of which were in 
both tests. These included 10 grade Jerseys and 5 “natives.” 
The average weight of each cow was 750 pounds. The average 
age was Six years, and at time of first test the average time since 
dropping last calf was three months. None of the cows were 
within six months of again calving. ‘The rations were as follows: 


PHALRY “HERD Bo oDESTS. 20 Anp 23: 
Calculated Per Head of 750 Pounds, Live Weight. 












































" DIGESTIBLE NUTRIENTS = 
FEEDING STUFFS. AND FUEL VALUE. 2 oan 
: ules = Wane 
a | ¢ £9) be eee eee be 
5 | 3 Sees Ue eo Oe tae 
. vo +S meee we. Aa ov 
ae Au aes vd = 
Hirst. Test. Lbs.) | bs..Lbs:) Lbs. (Calories) ie Mets pCts ets: 
January 2-14. 12 Days. 
i b | - : 
at ee : ae £02520 4 14.82) -1L, S6Oue Onl Que scOularnes 
(Oatstraw, - | 2.2) | 
| ‘ | | 
< es E ae S710} 6.50 | 13,950.112:40 0,5) 5.3142 
| Oat hay, ie Orgal 
motaltood 9) - — - 197.5 | 1,49) 48) 11.32) 25,800 | $.6)18.6) 9.1) 9.5 
Second Test. 
' February 12-24. 12 Days. 
SN Cob meal, 2) eek | 
Be bran.) > yl 40-1 1.47) 532) 4,04 elt 650 nes Si G.2) 6 Ar oce 
a Gluten meal, - | 2.3 
Oat straw, -| 1.8) 
Hays, } Corn stover, - | 7.3 | 
Be Roe: hay, i ra SATS WG, TONGES 1SOn Toco, On bea Ole eee 
Oat hay, - | 6.9 
Total food, - - {26.0 |2.01).50 10.16 | 24,700| 5.7/18.3) 9.3 | 9.0 
German standard, ~ | — {1.88} .30) 9.38 | 22,200). 5.4) — | — |.— 
Tentative standard, - — |1.88) — — | 23,250] 5.6, —|—]|— 























In both rations coarse fodders are largely used. ‘hese make 
the rations cheaper than if good hay had been used. The use of 
these hay substitutes is to be commended, although they necessi- 
tate the use of concentrated foods rich in protein. ‘The ration as 
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fed in the first test was a low cost one, and it would be difficult 
to furnish the needed grain feed at much lower cost. The 
assumed value of the coarse fodders is probably higher than they 
would bring in market; and their use in this way disposes of 
them at a good price. 


HERD C.—TESTS 22 AND 25. 


A herd of 16 cows was studied from January 29 to Feb- 
ruary 10, 1894, and after an interval of four weeks another 
12-days’ test of the same herd was made, March 5-17. Fourteen 
of the cows were in both tests. ‘These included 6 grade Jerseys, 
2 grade Durhams, and 6 “natives.”’ The average weight of the 
cows was 725 pounds. ‘The average age was five years and, at 
the date of the first test, the average time since dropping the last 
calf was six months. With one exception none were within 
three months of being due to calve again. The rations were as 


follows: 
DAIRY HERD IG.. (UM Sils22 ane sns 


Calculated Per Head of 725 Pounds, Live Weight. 








DIGESTIBLE NUTRIENTS 
FEEDING STUFFS. 
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AND FUEL VALUE. Se 
ee Senne 
: J v6 3 108 5 
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= o18 | S ies 6 ofSe 
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First Test. Lbs. |Lbs.|Lbs.| Lbs, |Calories| 1: | Cts Ctsaiieiee 
Jan. 29-Feb. 10. 12 Days. 
Grain, | Cob meal, Si aso 
ro anes bran, Sui 43004 -7]| -21 | 13,00:)° (9,150 (54 7-2) 33) Oo 
Tae 2 Stover; Pts 
pene Oat hay, - | 3.9 .61; .20| 5.41 | 12,000] 09,6) [2i2);9 ON 
i Hay, oe e 4.5 
Total food,  - -1/19,2 |1.88 .41| 9.07 | 21,150) 7.3/19 4) 6iouriges 
Second Test. 
March 5-17. 12 Days. 
( Cot. seed meal, 4) 
ene | Linseed meal, 4 | 
’ + Chicago gluten, .4-|1.16] .29]| 3.67 | 10,200 | 3.8) 8. t4;gumaee 
etc. A 
> | Cob meal, ae on 
| Wheatybran,,.= |)42:6 | 
Pinys: hay, . - .O | 
en iota t pees .64| .22| 5.42. |°12,200 | 9.4] (Q.9):3. 7am 
Total food, - - |20.0 {1,80} .51| 9.09) 22,400) 5.7/17.8) 7.9/ 9.9 
German standard, - — |1.81| — | g.06| 21,450] 5.4; — | — ae 
Tentative standard, - | — {1.81} .29| — _ | 22,500] 5.6) — | — | — 
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The second ration cost a cent and a half a head less than the 
first, and taking the manurial value into account there is a saving 
of 2% cents per day in net cost of food. The second ration agrees 
very closely with the tentatively suggested standard ration. 

These six tests with three herds are summarized in the follow- 
ing table: 


Summary of Daily Rations Fed, and Daily Milk and Butter Vield 
Jrom Three Herds witha Wide and a Narrower Ration. 
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* These rations are given in detail on pages 31, 35-36, 38 and 50-52. 
+ Total cost less value of the obtainable manure. 

+ Butter assumed to contain 85 per cent. butter-fat. 

§ Tentatively suggested standard ration. 


THE EFFECT OF NARROW RATIONS ON MILK FLOW AND BUTTER 
YIELD. 


At the time of the second test in each case the cows were six 
weeks farther along in the period of lactation and would in con- 
sequence have naturally reduced their milk flow and _ butter 
yield. It is impossible to say exactly how much this natural 
shrinkage would have been. In animals as near calving as some 
of these were the shrinkage would have probably been large, 
while in the case of the cows in “flush” the decrease would have 
been less marked. From a record of a herd of native cows and 
Ayrshires extending over 15 years, including 83 different animals 
and 21o calvings, the New York Experiment Station* concluded 


that “the natural falling off in milk for each month from calving 





* Annual Report New York Agricultural Experiment Station, 1886, pp. 21-23. 
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is about 9 per cent. of the yield of the preceding month.” The 
shrinkage in butter yield would, of course, be less, because the 
milk grows richer in fat. 

In the case of herd A, instead of a falling off in milk flow there 
was an average daily increase of seven-tenths of a pound in the 
test while they were fed the narrow ration over what it had been 
with the wide ration six weeks earlier. There was practically no 
change in milk flow in the case of the two other herds. With all 
three herds there was a slight increase in butter yield with the 
narrow ration in the second test. ‘The total size of the ration as 
measured by the fuel value averaged less in the second test than 
in the first. ‘The protein was increased and the carbohydrates 
and fats were decreased in the second test. 

In these cases both milk flow and butter yield were so much 
affected by the change from a wide to a narrow ration that 
instead of a shrinkage in production, as would naturally fol- 
low from advancement in. period of lactation, the animals more 
than held their own, Too much importance should not be given 
to a few results, but these are in line with the best observations 
here and elsewhere, that so far as physiological effects are con- 
cerned, narrow (nitrogenous) rations give larger yields of both 
milk and butter than do wide (carbonaceous) rations. 


COST OF MILK PRODUCTION WITH WIDE AND NARROW RATIONS. 


The following tabulations indicate that the cost of milk and 
butter production from the food alone was much less on the nar- 
row ration, even when the cows were six weeks farther advanced 
in lactation than earlier on the wide ration. So far as these tests 


may be taken as an indication, narrow rations may be fed more | 


profitably than wide. 


The cost of food to produce too pounds of milk was as follows: 





























TOTAL COST OF FEED. NeET* Cost OF FEED. 
HERD. 
WideeRenent Pees Wide Ration.| “#towen 

Ration. Ration. 
Arie Bogie osree | $1.47 $1.15 $0.79 BO. 52 
B; = - - - 1.00 1.03 53 .50 
SLs - = - 1.41 1:30 gl 73 
Average, > = $1.29 $1.16 $0.74 $0.58 




















* Total cost less value of obtainable manure. 
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The cost of food to produce one pound of butter was as follows: 











TOTAL Cost OF FEED. NEtT* Cost oF FEED. 














HERD. N : N 
Wide Ration. pea “| Wide Ration. SET ONE 

Xation. Ration. 

Cents. Cents, Cents. Cents, 
A. -- - - : 25 19 14 9 
17 : - 2 21 20 EL LO 
Gent = - - i: 30 26 19g 14 
Average, - - 25 02 15 li 

















* Total cost less value of obtainable manure. 


In 1893 we visited a dairy farm om which the cows (a herd of 
grade Jerseys) were receiving a very wide ration. The ration as 
fed contained per 1,000 pounds, live weight, only 1.35 pounds 
digestible protein. The nutritive ratio was 1to 11.3. In 1894 
we again visited this farm, intending to make a 12-days’ test with 
the old method of feeding and later another test with a narrow 
ration. But it transpired that the owner had meanwhile caught 
the idea himself and had changed his feeding practice very mate- 
rially. We made a r12-days’ test and found that instead-of a wide 
ration he was feeding a narrow one, and one that we had not the 
hardihood to attempt to improve. He was feeding 2.70 pounds 
digestible protein per 1,000 pounds, live weight, or double the 
amount of the year before, and the nutritive ratio was 1 to 5.7 
instead of 1 to 11.3. ‘The gross cost of the ration for 1893 was 23 
cents per 1,000 pounds, live weight, and in 1894, 22 cents. The net 
cost in 1894 was g cents against 13 cents in 1893. The average 
weight of the herd was practically the same both years. The 5-days’ 
test of 1893 and the 12-days’ test of 1894 compare as follows: 














TOTAL COST OF FOOD TO PRODUCE NET* Cost OF FoopD To PRODUCE 





too Lbs. Milk. t Lb. Butter. too Lbs. Milk I Lb. Butter. 





Wide Narrow | Wide | Narrow Wide Narrow | Wide | Narrow 
Ration. | Ration. | Ration. | Ration. | Ration. | Ration. | Ration. | Ration. 
































1893: ISQ4. 1593. IS94. 1893. 1894. 1593. S94. 
$1.44 PU Oume24 cts, 4. 19.ctsa.) i ctsa 151 cts, | 14¢cts. 9 cts. 

















* Total cost less value of obtainable manure. 


It would be difficult to convince this man that it did not pay 
him to change from a wide to a narrow ration. 
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SUMMARY. 

In the winter of 1892-93, the Station began making systematic 
observations of the winter feeding practices of Connecticut dairymen. 
The chief points upon which information was obtained were: Num- 
ber of animals in the herd; breed, age and approximate weight of 
each cow; length of time since dropping last calf and till due to 
calve again; weights of milk flow; percentages and amounts of 
butter-fat in the milk; kinds, weights and chemical composition of 
feeding stuffs used, 

In 1892-93 sixteen herds were visited and a five-days’ test made 
with each. In 1893-94 six herds were visited, and in four instances 
the time of study of the management and products of each were 
extended to twelve days. As‘ soon as the analyses could be made the 
rations were calculated, and tn three cases other rations were sug- 
gested. The feed was gradually changed to the suggested ration, 
and after four weeks from the close of the first test another twelve- 
days’ test was made with the new ration. 

Ingeneral there was the largest yield of milk and the largest butter 
production with narrow rations rich in protein. Warde rations, low in 
protein, did not in these instances favor large milk or butter production, 

In the three tests of 1893-94, when it was possible to study the 
financial side of the feeding, narrow rations, rich tn protein were 
decidedly the more economical, 

Bearing tn mind that there ts no such thing as a “ best ration,” 
and that all attempts to express tn terms of protein and energy the 
needs of a dairy cow are only approximations, the following ration 
as tentatively suggested as a basts for feeding dairy cows: 


Organic matter, 25 pounds, digestible protein, 2.5 pounds, and enough digest- 
thle fat and carbohydrates to bring the fuel value up to about 31,000 Calories. 


The subject of cattle feeding and handling ts a large one, and only 
general principles can be laid down. No hard and fast rules for 
feeding are now known, and doubtless none ever will be known, Tt 
as nevertheless true that the man who exercises the greatest amount of 
good gudgment, based upon all that the most advanced sctence can 
bring to him, and who tries to put into practice the knowledge thus 
acquired, will be much surer of success than one who works blindly. 
There may be no “ best” breed, no “best” ration, and no “best” 
way of handling dairy stock, but there are poor cows, uneconomical 
rations, and bad ways of handling, and the man who learns to avoid 
the bad and choose the better ts well on the road toward the best. 
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BY “HW. CONN, 


———-@ ¢@—__ 
VI. EXPERIMENTS IN RIPENING CREAM WITH BACILLUS NO. I. 


In Bulletin No, 12 of this Station was published the result of a 
series of experiments that had been carried on in the laboratory 
upon the subject of the ripening of cream. In that Bulletin 
there were mentioned a series of preliminary experiments with 
Bacillus No. 41, which gave most promising results as an or- 
ganism for artificial ripening of cream in butter-making. Dur- 
ing the whole of the past year, further experiments have been 
carried on with this organism in a variety of places, with results 
which are extremely satisfactory and promise to be of much 
practical importance. ‘The experiments with the organism have 
been so satisfactory that a more careful description of the organ- 
ism itself and a more complete account of the experiments with 
it appear to be needed, and the present article, therefore, is 
designed to give these details. 

The original culture of 4acillus No. gr was obtained from a 
lot of milk which had been sent to the Columbian Fair at Chicago 
among the food exhibits. It was said to be ‘preserved,’ but 
had not been thoroughly sterilized and had become bitter. There 
had developed in the milk a number of organisms which were 
isolated by Mr. W. M. Esten, who had charge of the biological 
exhibit, and among them Bacil/us No. gz was found. The char- 
acteristics of this organism are as follows: 


Locality,—Milk from Uruguay. 

Morphology.—A bacillus occasionally clinging two together but never forming 
chains. Size 1.1 y. by6y. When growing~-in potato it is slightly longer than 
in agar. No spores. 

Motilty.—Non motile. 





* During the past seven years investigations on the Bacteria of Milk have been conducted in 
behalf of the Station by H. W. Conn, Professor of Biology in Wesleyan University. Some of 
the results have been given in the publications of the Station, as follows: Bacteria tn Milk, 
Cream, and Butter, Bulletin 4, and Annual Report for 1889, pp. 52-67. “Ripening of Cream, 


pp. 158-162. TheTlsolation of Rennet from Bacteria Cultures, Report for 1892, pp. 106-126, 
The Ripening of Cream by Artificial Cultures of Bacterta, Bulletin 12 and Report for 1893, 
pp. 43-68. See also The Fermentations of Mik, Experiment Station Bulletin No. 9 of the 
Office of the Experiment Station of the U. S. Department of Agriculture. ~ 
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Annual Report for 1890, pp. 136-157. A Micrococcus of Bitter Milk, Report for r189t, }%* 


58 STORRS AGRICULTURAL EXPERIMENT STATION, 


Relation to atr. 





Will not grow under mica plate. 
Grows best at about 20-23° C.; at 35°, scarcely any growth;* 
killed by temperature of 60° C. to 10 minutes. 





Temperature. 


Colony on Gelatine.—A smooth, round colony under surface. On surface a 
small, grey, raised bead-like colony, spreading somewhat, reaching size of I mm. 
occasionally. Not characteristic. 

Gelatine Stab Culture.—Slight needle growth. Spreads over surface as a 
moist, white, thick mound, forming a nail growth. Does not liquefy. 

A gar-Agar.—An abundant, white, smooth, glistening layer. 

Potato.—Raised, thick, whitish or slightly yellow-tinged layer. Differing in 
color with amount of moisture. When very moist, is white, but when dry tends 
to a yellowish tinge. Grows profusely. 

Milk, 
becomes slightly translucent and brownish. The reaction is slightly acid. 
After three to four weeks it seems to digest into a translucent mass. It acquires 





Does not curdle either at 20° or 35°. After two to three weeks 


a pleasant aroma. é 
Bouillon.—Very cloudy with heavy scum. After five days scum sinks and 
forms a sediment. Liquid remains cloudy after a month’s growth. 


From the above description it will be noticed that the organism, 
while forming an acid in its growth in milk, is not to be regarded 
as one of the milk-souring organisms. Milk under its influence 
becomes acid, but the acid production is quite slight and the 
milk, under no condition, becomes curdled. .Even when growing 
at a warm temperature the milk remains limpid for weeks, finally 
becoming somewhat brownish. After cultivation of the organism 
for a year or more in the laboratory, its acid-producing powers 
seem to be somewhat greater than at first. | 

This organism has proved the best of all of the many species 
of bacteria thus far studied in its effect upon cream in ripening. 
Preliminary experiments with the organism have already been 
described, and by reference. to Bulletin 12 of this Station it 
will be seen that those experiments, both in the laboratory with 
small lots of butter and in a neighboring creamery, gave promise 
of the possibility of the production of an excellent butter. The 
further continuation of those experiments from the time of the 
publication of Bulletin 12 will be now described. 


METHOD OF EXPERIMENT. iy 


'It may be well first to explain the method of experiment which 
has been found after considerable trial to be, all things con- 
sidered, the most satisfactory. Thus far the organism has been 





* After a year’s cultivation it failed to grow at 35°, although would do so feebly when first 
studied. 
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cultivated solely in the writer’s bacteriological laboratory and 
upon ordinary culture media. 

When experiments in the creamery or elsewhere are desired, 
the procedure is as follows: ‘There is first placed in an ordinary 
flask a half pint of milk, and this is sterilized by discontinuous 
steaming for three or four successive days. This sterilized milk 
is inoculated with a small amount of the Bacillus No. ar, and the 
culture thus made is allowed to grow at about 23° C. (74° F.) 
for a couple of days. The object of this growth is merely to 
increase the number of bacteria and thus make a larger inoculation 
in the creamery possible. After two days’ growth the culture 
is sent to the creamery and the rest of the experiment is performed 
there by the butter-maker. 

A lot of cream, amounting to six or eight quarts, is placed in a 
metal vessel and pasteurized, by being put into a tub of water 
into which steam is allowed to run. The temperature of the 
cream is allowed to rise to about 69° C. (156° F.) and to remain 
there for some ten minutes. The cream vessel is then removed 
and placed in cold water and cooled as rapidly as possible. 
When the temperature has fallen to about 23° C. (74° F.) the 
milk culture of the bacillus above described is poured into it 
and is thoroughly mixed with it by stirring. The vessel is then 
covered and placed in the ripening room of the creamery for 
two days, at the end of which time the cream is churned 
and the buttermilk reserved for further use. The object of this 
ripening of a lot of six quarts of cream is to increase the num- 
ber of bacteria in order that a large and strong culture may be 
obtained for use in the large vat of cream in the creamery... The 
buttermilk from the churning of the six quarts of cream is then 
inoculated into the day’s cream as soon as the cream is placed 
in the vat for ripening. The cream in the large vat receives 
no preliminary treatment, the prepared milk being poured into 
it directly. The cream is then allowed to ripen at a normal 
temperature for about twenty-four hours and churned as usual. 
Before the churning two or three gallons of the ripened cream 
is set aside to be added to the next day’s cream collection to 
insure a continuation of the process. In this way the ripening 
is continued day after day, a small amount of each day’s churning 
being set aside for the next day’s inoculation, and the process is 


continued as long as the good effects of the original culture are 


seen. Inthe series of experiments which were instituted it was 


‘ 
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found that the effect of the first culture could be kept up in 
this way from three to six weeks, after which a new pure culture 
from the bacteriological laboratory was needed. 

It will be noticed in these experiments that in practical use the 
cream of each day's gathering is not pasteurized nor treated in 
any way to insure removal of the bacteria which chance to be in 
it. It may seem strange that under these conditions the addition 
of a pure culture would have decided effect upon the ripening of 
the cream. The explanation of the matter seems, however, to be 
simple. As is well known, a properly ripened cream needs to be 
slightly acid in order to give the flavor which is usually desired. 
Now Bacillus No. gr does not produce sufficient acid to give this 
flavor, and in laboratory experiments with strictly pure cultures 
upon pasteurized cream it is found that the flavor of the butter is 
somewhat too flat. The cream as is ordinarily collected for the 
creamery contains organisms which render it acid, and when, 
therefore, Vo. gz is added to the ordinary cream the effect of this 
culture is enhanced by the acid produced by the organisms 
already present. There is thus obtained a cream which is acid 
and also influenced by the peculiar effects of Vo. gz. More- 
over, the culture bacteria were always added in excess. By 
cultivating as above described for several days in larger lots of 
cream, and by adding to the day’s collection of cream two or 
three gallons of buttermilk or ripened cream, the number of 
bacteria of Sactllus No. ar added to the lot of cream was so 
great that their effects were plainly noticeable, in spite of the 
presence of the other species of bacteria which were in the cream 
as originally collected. 


RESULTS OF THE INOCULATION; 


In a long series of experiments the effect of the method of 
inoculation above described was always uniform and as follows: 
The first lot of cream, six or eight quarts, gave a butter which 
was moderately good, containing a somewhat pleasant flavor, 
but not quite the typical flavor desired. The first churning 
in the large lot of butter from the ordinary cream vat gave butter 
slightly superior to that in the small churning. ‘Then, on each 
day for several successive churnings, the quality of the butter 
improved. For perhaps one or two days it was a little difficult 
to say that the artificial culture had produced much of an improve- 
ment, the butter having about its ordinary flavor. But after 
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two or three days there began to be noticed a pleasant added 
flavor which was not there at first, and after several days’ churn- 
ing this added flavor became very pronounced and noticeable 
to all who examined the butter. This delicate, exquisite flavor 
now continued and remained in the butter of each day’s churn- 
ing for some time, the length of time varying with, at present 
unknown, conditions. If the flavor began to deteriorate it could 
be immediately restored by the addition of a new culture from 
the laboratory by the same method above described, and there 
is thus no difficulty in constantly maintaining this flavor in the 
butter. 

The general results in the creamery at Cromwell where most 
of these experiments have been performed, have been as follows: 
The experiments began in November, 1893, and there was noticed 
an immediate improvement in the butter. These experiments 
have been continued constantly with the exception of the months 
of July, August and September, until the present time and 
with uniform results. During this time pure cultures have been 
sent to the creamery upon many different occasions and have 


been used according to the above method. In each case there 


was an improvement in the butter, and the experiment was con- 
tinued for three, four, five or six weeks, until the butter-maker 
noticed a distinct deterioration in the quality of his butter. 
Then a new culture was sent to the creamery which immediately 
restored the quality to the butter. 

At four distinct periods the butter from the creamery was sent 
to an expert for rating, together with a lot of butter made from 
half of the same cream of the same day, but without the artificial 
inoculation. In every case where the butter was thus sent the 
butter made by the artificial culture was rated higher than the 
butter made without it. It was marked from four to fifteen 
points ona scale of 100, ahead of the normal butter, the improve- 
ment being chiefly in the flavor. In one case the inoculated but- 
ter was 18 points ahead of the uninoculated butter. In another 


case three lots were sent to the expert, one made with a cul- 


ture of Bacillus No. gr, a second made with the artificial culture 
sold by Carl Hansen’s dairy company, anda third lot by a 
combination of Bacillus No. ar and Carl Hansen’s ferment. ‘The 
butter made from Bacillus No. gr rated highest, 95 points, the 
combination next 83 points, and Carl Hansen’s lowest. In 
addition to the rating by the butter expert the butter was in all 
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cases carefully examined by individuals who were more or less 
connoisseurs of proper butter flavor, and in each instance the 
butter made by the artificial culture was rated as better than that 
made without such culture. In most of these tests the individual 
examining the butter had no knowledge of the experiment. 

Perhaps the most satisfactory experiment of all was one made 
early in June. June butter, as is well known, is in flavor about 
the best that is produced during the year, and the effect of 
Bacillus No. 41 upon June butter was therefore especially inter- 
esting. Early in June, when the amount of cream collected by 
the creamery was very large, two large vats full of cream were 
collected. One of these was inoculated with Mo. gr and the 
other was uninoculated. ‘They were then both allowed to stand 
in the same room at the same temperature for the same length of 
time to ripen, and were subsequently churned. The effect of 
Vo, Az even here was exceptionally striking. Both lots of cream 
produced, as was to be expected, an excellent quality of butter, 
but Vo. gr had an aroma more pronounced and more agreeable 
than that of the butter made without the inoculation. In both 
taste and odor the butter made by inoculation was decidedly 
superior to that made without it. This butter was submitted for 
testing to a large number of persons, and no one had the slightest 
hesitancy in deciding that Vo. gr made the superior quality of 
butter. It was most strikingly noticed just as soon as the 
wrapper was taken from the butter, the pleasant aroma of the 
inoculated butter filling the nostrils at once, while the uninocu- 
lated butter did not possess this decidedly pleasant aroma and 
taste. | 
The general result of experiments thus carried on now for at 
least twelve months in the Cromwell creamery, has been that 
this artificial culture uniformly improves the value of the butter. 
The effect of the pure culture is seen best after two or three 
days’ ripening, and lasts from three to six weeks, but by the 
constant use of the culture it may be kept up indefinitely. 

Mr. E. D. Hammond, the superintendent of the Cromwell 
creamery, has put in my hands the following letter, indicative of 
the experiments carried on in his creamery: 


H, W. Conn: December 20, 1894. 


My Dear Sir:—In reply to yours of the 19th I will say that we have used 
your culture the past year, with the exception of the summer months when you 
were away and we could not get it. There can be rio doubt as to its producing 
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butter of a superior and uniform quality. In every instance where we have 
taken a quantity of cream, thoroughly mixed, and divided it into two parts, and 
have treated one in the usual way and have inoculated the other with the culture, 
and have sent the product to an expert to be judged, the culture has scored the 
highest. It produces a fine, sweet flavor which leaves a most pleasing taste in 
the mouth. For the sweet butter trade it is decidedly superior. 

Yours truly, E. D. HAMMOND. 


It was, of course, desirable that these results should be con- 
firmed in other places, and for this reason the culture has been 
used in several localities. ‘These experiments have been as fol- 
lows: 


One lot of the culture was sent to Mr. George M. Whitaker of 
West Dudley, Mass. The creamery of which he is president 
was making at the time the highest quality of butter, which 
commanded a very high price in the Boston markets. The 
culture sent was broken in the journey and only a small amount 
of it reached the creamery., It was, however, used by Mr. 
Beck, the butter-maker of the creamery, and his statement was 
that he noticed a decided improvement in the quality of his 
butter as the result of it. Owing to the distance and the con- 
sequent difficulty of furnishing the culture at this creamery the 
experiments were not continued, only one churning being made 
with the culture. 

A culture of the bacteria was sent to Mr. Hollister Sage, 
superintendent of the creamery at Stepney Depot, Conn. The 
culture sent to this place for necessary reasons, was not a culture 
in milk, but an ordinary bacteria culture on agar-agar, and 
required the use of certain bacteriological methods in its prac- 
tical application to cream. Mr. Sage, however, seemed to have 
no difficulty in making use of it as directed and reported, after 
the proper length of time, that he had noticed a decided and 
pleasant flavor to his butter, which was not there before and 
which gave it an enhanced value. Several months later a second 
culture was sent him in a different form, but no report from it 
has yet been received. 

Up to this point the experiments had been practically con- 
fined to Middletown and the immediate vicinity. It was of course 
very desirable that they should be repeated in other localities and 
by other persons, in order to determine whether the effect was 
local only, and to what extent other creameries besides the Crom- 
well creamery, would be benefited by the use of Bacillus Wo. gr. 
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During the last three months therefore, arrangements have been 
made by which the organism has been used in other States. 
These experiments have now been made in the State of Indiana, 
in the creamery of R. W. Furness, Indianapolis. In Pennsylvania 
the organism has been introduced into some thirty-five different 
creameries through the assistance of Mr. John Jamison, a large 
commission merchant of Philadelphia. In Iowa it has also been 
introduced into twenty-eight creameries controlled by Wm. 
Beard & Sons, commission merchants in Decorah, Iowa. ‘The 
experiments in this large number of creameries have been most 
rigid. In many cases a lot of cream has been divided into two 
portions, one of which has been inoculated and the other not, 
the resulting butter being compared carefully. In some instances 
the organism has been inoculated into old cream which had ac- 
quired considerable of an odor by standing. In several instances 
it has been used in creameries in which the quality of the butter 
has not been first-class, and in others it has been used in cream- 
eries of the highest grade, whose butter commanded high market 
prices. In two instances it has been used in creameries which 
were at the time troubled with an undesirable flavor due to what 
is known as “frost weed.’ The butter made in the various 
creameries has been submitted for testing to experts, who in some 
cases knew of the experiments, and in others knew nothing of 
them. ‘The butter made by the use of the culture was kept in the 
creamery side by side with the ordinary butter to test its keeping 
property. In short, the greatest variety of tests have been tried 
in this large series of creameries to determine whether the organ- 
ism really possesses in other localities the valuable property that 
it has appeared to possess in the experiments conducted in Con- 
necticut. 

The results of these experiments have been highly satisfactory 
and to me somewhat surprising, in spite of my belief in the value 
of the organism in butter-making. With a single exception none 
of this large series of creameries has failed to report an improve- 
ment in their butter. The creamery which did not find such 
improvement was reported as failing to have proper care for 
cleanliness in its butter-making process, and the failure to find 
an improvement has not therefore been thought to be significant. 
All other creameries in this large number of over sixty have 
found an improvement in their butter, sometimes appearing at 
once, and in other cases appearing after a few days use of the 
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artificial inoculation. In private letters mentioning the experi- 
ments Mr. Furness says: ‘The indications are that there is a 
decided improvement in both the keeping qualities and the 
flavor of the butter.” Mr. S. F. Doolittle, acommission merchant 
in Indianapolis, says: ‘‘ There is a decided improvement in the 
butter made with the culture over the butter made with the same 
cream without the culture. The butter made with the culture 
has a ‘grass flavor.’”’ Mr. Jamison says: ‘‘ We feel satisfied 
that the butter from any creamery can be improved to such an 
extent that the butter will bring from two to three cents per 
pound more on its merits than before using the culture.’ Wm. 
Beard says: ‘‘I consider this Bacillus the greatest discovery 
known for producing a high and uniform flavor in butter. We 
also believe it will greatly increase the keeping qualities of the 
butter.” 

The value of this testimony from such widely separate sources 
is evident at once. It shows two things especially. First, that 
the effect of Bacillus No. gz in improving butter is not confined 
to Connecticut or New England; and second, that the effect is 
not imaginary upon the part of those interested in the experi- 
ments in this Station. Each of these creameries in which the 
experiments have been begun has continued the use of the 
artificial inoculation, and all are using it at the present time 
of writing. When creameries in Connecticut, Iowa and Penn- 
sylvania all alike report a decided improvement in the butter, 
we are justified in concluding that Lacillus Vo. gr has the power 
of adding to butter a desirable flavor in widely separated locali- 
ties under different conditions and as determined by different 
experts. 

When these experiments were begun it was doubted whether 
the use of the culture in private dairies would be practicable. 
The long period during which the cream is being collected fre- 
quently makes the cream four or more days old before it is 
churned. It is quite possible that the growth of the ordinary 
cream bacteria would be so great in this interval as to interfere 
with the action of the artificial culture. The first experiment of 
the kind was performed in a dairy in the vicinity of Middletown. 
Mr. F. T. Kurt told me in June that in his creamery they had 
been having trouble with the appearance of “curds” in the 
butter, a difficulty with which every butter-maker is more or 
less familiar. This trouble had been proving a great nuisance 
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in the dairy and had continued in spite of their attempts to get 
rid of it. He wanted to know if it was possible that a culture of 
Bacillus No, 4t might improve his butter.. He was told: that it 
was doubtful if the culture would have much effect upon the 
curds, but that it might perhaps improve the butter. He there- 
fore obtained a culture and used it in accordance with the above 
method and reported an immediate and a striking improvement 
in the butter. The curds disappeared in the butter that was 
ripened by the artificial culture, and every one to whom the 
butter was submitted stated that it was decidedly superior to the 
butter that had been made previously. ‘The experiments were 
not continued in this dairy for any length of time, and the butter 
immediately fell off again in quality. The following letter indi- 
cates the experience of Mr. Kurt: 

Droiie We Conn: 

DEAR S1R:—During the early summer, at a time when the quality of butter 
ought to have been at its best, the butter made in our dairy was very bad. In 
spite of every precaution in the ripening of the cream and in working the butter, 
there appeared streaks of curd which increased in standing, so spoiling the 
butter for market. 

Acting on your suggestion I ripened a portion of cream with your butter 
culture and allowed another part to ripen as before. Two churnings were 
made with the following results: The part ripened with your culture yielded 
butter of exceptionally fine grain, and the streaks of curd had entirely disap- 
peared; moreover, there was a marked improvement in the flavor of the butter. 

The part that was ripened by itself contained the curd and was of inferior 


quality. Yours truly, FRANKLIN T. KUED 


A second experiment was in the dairy of Mr. A. B. Caswell of 
Ashby, Mass. Mr. Caswell had been having complaints from 
his patrons in regard to the butter that he had been furnish- 
ing them, and requested a trial of the Bacillus No. gr upon his 
butter. A culture was furnished him in the same manner as in 
other experiments and he made the butter in the ordinary way. 
The two lots of butter which were made, one from the artificially 
ripened cream and the other from the normally ripened cream, 
showed a decided though not great difference. Both were an 
excellent flavored butter, but the one made from the artificial 
culture had in addition to the ordinary flavor the usual pleasant 
aroma and taste which has been found elsewhere with Bacillus 
LV ONAL. 

The third experiment in a private dairy was on the farm of 
Mr. Walter Laws, Westminster, Mass. Mr. Laws had a private 
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dairy in which he made butter of a very high grade. In the 
month of September he obtained the first premium in a county 
fair which was held in Fitchburg, Mass. Knowing of these 
experiments, however, he wished to try the effect of Baczllus 
Vo. gi upon his butter, and a culture was furnished him and 
used in the usual manner. -The report which he subsequently 
sent me was that his butter was decidedly improved by the use of 
the artificial culture. He continued the use of the culture for 
several weeks, believing that he obtained a better butter thereby. 
In a letter written subsequently he informed me that his butter, 
during the period of the use of the culture, had been better than 
was common at that season of the year, though whether to— 
attribute it to the culture or to the food eaten by the cows, he did 
not know. 

So uniform have been the results of the use of this organism 
that it must be regarded now as beyond the reach of experimen-— 
tation, and Bacillus No. gr takes its rank as a species of organ- 
ism whose artificial use in the ripening of cream will produce a 
striking improvement in the flavor of the butter. The effect of 
the culture upon the various grades of butter is not exactly what 
might have been expected, and I have been considerably sur- 
prised thereby. When the experiments were begun I had sup- 
posed it probable that the use of the artificial culture might 
improve a poor quality of butter, but was very doubtful whether 
it would have any effect, at least any advantageous effect, upon 
first-class butter. Experiments, however, have shown that the 
organism appears to be of decided value even in first-class cream- 
eries. As already mentioned, the effect of the organism appears 
to be to add to the butter an especially delicate aroma and taste, 
and this delicate aroma and taste is added equally to butter of a 
poor grade and medium grade, or to butter of the very highest 
quality. In the light of the present experiments, therefore, it 
appears that all grades of butter may be somewhat improved by 
the use of artificial cultures. 

- Another matter of some interest is the fact that Bacillus No. 
gi is not a milk-souring organism. The “ripening ”’ of cream is 
in many places called the ‘“‘souring” of cream, and it has been 
supposed by all experimenters hitherto that the souring was 
identical with the ripening. For this reason all of the species of 
bacteria which have hitherto been used in ripening cream have 
been acid producing organisms. Experimenters have not thought 
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it worth while to investigate whether or not the aroma of butter 
might not be due to species of organisms that do not normally 
sour the cream. Bacillus No. 41, while it produces a very slight 
acid reaction, does not sour the cream, and it belongs, there- 
fore, to an entirely different class of organism from those hitherto 
used. ‘This is especially interesting as indicating that probably 
the aroma of the butter is entirely distinct from the souring of 
the cream and may be produced either by acid organisms or by 
organisms that do not produce acid. , 

In one other respect Bacillus Mo. 4z appears to show itself as 
decidedly more advantageous in practical use than the organisms 
hitherto used. As will be seen above no previous treatment of 
the cream is needed in order that Bactllus No. ar may produce 
its appropriate results. ‘This, of course, greatly simplifies the 
use of the organism and makes it much more probable that 
artificial inoculation of cream for ripening may in the future 
become a somewhat universal process. So long as butter-makers 
are obliged to heat their cream before artificial inoculation, in 
order to destroy bacteria already present in it, so long will they 
hesitate about adopting any form of artificial inoculation. When, 
however, the butter can be improved from three to eighteen 
points by the simple addition of a culture of the proper species, 
the use of the organism becomes decidedly easier. When first 
undertaking these experiments I was extremely incredulous as to 
the likelihood that artificial ripening of cream would ever be very 
common among butter-makers. Having, however, seen what 
good results can accrue to all grades of butter by the simple 
addition of a culture to the cream, I am now prepared to believe 
that the artificial ripening of cream will have a growing popularity 
among the butter-makers of this country. 


SUMMARY. 

The results of the experiments with Bacillus No. 41 bring out 
three points of especial tmportance. 

Bacillus No. 41 ts not to be regarded as a cream-souring organism, 
but one whose value in ripening cream depends upon its power of 
adding desirable aroma to the butter. 

Ln the use of Bacillus No, 41 no previous treatment of the cream 
to be ripened ts necessary before tt ts inoculated with the culture. 

Up to the present time experiments in at least sixty creamertes 
and with some hundreds of thousands of pounds of butter have 
resulted in untform tmprovement in the quality of the butter made 
Jrom cream ripened with Bacillus No. tz. 
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VII. SOME OBSERVATIONS OF THE NUMBER OF BACTERIA IN DAIRY 
PRODUCTSs* 


BY A. E. LOVELAND AND W. S. WATSON. 
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NUMBER OF BACTERIA IN MILK. 


‘ Within the last few years, with the improvement of methods 
and the discovery that milk may serve as the medium for trans- 
porting pathogenic (disease) germs, new interest has been aroused 
in the bacteriological study of milk. It has been found that 
the milk from a perfectly healthy cow, when entirely uncon- 
taminated, is absolutely sterile, z. ¢., contains no germs. But 
ordinary milk always contains bacteria, and as milk furnishes an 
excellent food medium for their development, they multiply very 
rapidly. The presence of a large number of germs does not 
necessarily imply that the milk is injurious, nor does a small 
number of germs prove that the milk is harmless. It is not the 
number but the character of the germs which determine their 
harmfulness. It is quite possible that milk containing very large 
numbers of bacteria may be entirely free from harmful species, 
while, on the other hand, milk with only a small number of 
bacteria may contain disease germs. 

A small number of germs may be considered as evidence of 
two conditions of the milk. First, it has been handled cleanly, 
z. é., not much stable dirt has entered the pail during the process 
of milking, and the probability is that the milk dishes were care- 
fully scalded; second, it may be evidence of freshness, for if the 
milk had stood many hours the number of bacteria would be 
quite large, unless the temperature of the milk is lowered so they 
cannot grow. With these facts in mind it will be more easily 
understood why milk in large cities, where it is frequently forty- 
eight hours old when delivered, shows large numbers of bacteria. 





* These investigations were made in the Bacteriological Laboratory of Wesleyan University 
under the direction of Prof. Conn. 
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EUROPEAN INVESTIGATIONS. 


In the winter of 1888-89 Dr. J. Clauss worked on the milk in 
Wiirzburg and found that the number of germs in a cubic centi- 
meter of milk ranged from 222,000 to 2,300,000. ‘The average 
was between one and two millions per cubic centimeter.* 

During the same winter Knopf found from 200,000 to 6,000,000 
per cubic centimeter in the milk in Munich. 

Buiwid examined the milk in Warsaw, where there was an 
average of 4,000,000 per cubic centimeter. In the milk immedi- 
ately after it was drawn from the cow he found from 10,000 to 
20,000 per cubic centimeter. 

In Amsterdam, Geuns found 2,500,000 per cubic centimeter in 
the fresh milk, but at the end of ten hours the number had 
increased to 10,500,000 per cubic centimeter. 

Renk examined the market milk of Halle and found from 
6,000,000 tO 30,700,000 per cubic centimeter. 

In May, 1892, Uhl studied the milk in Giessen; his thirty tests 
gave results from 83,000 to 169,600,000 per cubic centimeter. 
In the following June he found 10,500 to 13,600,000 per cubic 
centimeter. The average in May was 22,900,000 per cubic centi- 
meter, but in June it was only 2,900,000. Uhl explains this dif- 
ference by the supposition that the cows and stables were kept 
clean during this latter month, and by the additional supposition 
that there may have been less night’s milk milked with the morn- 
ing’s milk. 

A very systematic examination was made of more than 100 
samples of the milk in Dorpat by Dr. Hugo Knochenstiern, 
mostly in September and October, 1892. He divided the samples 
into four classes according to their sources. The averages of the 
numbers in the several classes ranged from ten to thirty millions 
per centimeter. 


AMERICAN INVESTIGATIONS. 


But little has been done in this direction in the United States. 
In 1892 Sedgwick and Batchelder examined a number of speci- 
mens of milk from Boston. ‘They found, as an average of several 
tests, that the milk obtained in a clean stable from a well-kept 
cow, by milking into a sterilized bottle, contained 530 bacteria per 
cubic centimeter. But when the milking was done under the 
ordinary conditions of farm practice, the number of bacteria 





* There are 946 cubic centimeters in a quart. 











BACTERIA IN THE DAIRY. ye: 


reached, on the average, 30,500. From fifteen samples of milk 
obtained from the homes of people in the suburbs of Boston, the 
average was 69,000 germs; from fifty-seven samples from milkmen 
the average was 2,355,000; and from sixteen samples secured at 
groceries the average was 4,577,000 germs per cubic centimeter. 


THE INVESTIGATION HERE REPORTED. 


The milk used for the investigations, of which the details are 
given beyond, was obtained as delivered by milkmen to customers 
in Middletown. It was placed in a sterilized* flask and taken 
directly to the laboratory, where it was immediately “ plated.” 


METHOD OF CONDUCTING THE EXPERIMENTS. 


All of the apparatus was sterilized in dry heat at a temperature 
of 160° C. (310° F.) Distilled water, which had been sterilized 
by boiling on three successive days, was used for diluting. 

One cubic centimeter of the milk or cream to be tested was 
taken in a sterilized pipette and introduced into a flask contain- 
ing ninety-nine cubic centimeters of the sterilized distilled water. 
After this had been thoroughly shaken to insure the even distri- 
bution of the germs, another sterilized pipette was used to draw 
out one cubic centimeter of the diluted milk. This was inoculated 
into a test tube containing about one inch of gelatine culture 
material, which had been liquefied by placing the tube in warm 
water. The gelatine and diluted milk were thoroughly mixed 
together and then poured out on a glass plate, which rested 
on the surface of cold water. Before hardening, the gelatine 
was spread by the aid of sterilized platinum wire, into a rec- 
tangular form. The plates, after hardening, were placed in 
covered glass dishes and left at room temperature until the 
colonies of bacteria were grown. ‘The time varied from thirty- 
six hours to seven or eight days. In estimating the number of 
bacteria, from ten to twenty fields were counted in different parts 
of the plate. Multiplying the average number of colonies in a 
square centimeter by the number of square centimeters, gave the 
number of colonies on a plate. ‘This, multiplied by one hundred 
gave the number of colonies in a cubic centimeter of the original 
milk, and since each colony had grown from one bacterium, it 
gave the number of bacteria originally present in a cubic centi- 
meter of the milk. 





* That is, a flask which had been heated to sucha temperature as to kill all bacteria present 
in it. 
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In table 13 it will be noticed that No. 7 and No. 9 are from the 
same source and give much larger numbers than the other tests. 
The milk in those two tests was from ten to twelve hours older 
than in the other samples, being night’s milk while all the others 
were morning’s milk. No. 10 is from the same source, but in 
that case a special request was made at the milk cart for morn- 
ing’s milk for examination. The result shows the difference 
between the morning’s and the previous night’s milk. 

The average in the thirteen tests made is a little less than one 
million per cubic centimeter (990,000). But if the average is 
taken without including No. 7 and No. 9, which were probably 
night’s milk, the average is reduced to less than 100,000 germs 
pec-cuvpic centimeter. 


BAC LERTA IN “BUTTER. 


Probably the first attempt at a quantitative estimate of bacteria 
in butter was made by Von Lafar at the Hygienic Institute of 
the University of Munich in the winter of 1890-91. He found 
that butter fresh from the churn contained an immense number 
of germs and that this number quickly fell to one or two millions 
or less per gram.* 

In the work here reported the changes in number of bac- 
_ teria in butter kept under usual household conditions have been 
studied. ‘The methods employed were practically the same 
as those already described for milk. The butter was weighed 
instead of being measured and the number of bacteria were 
calculated per gram* instead of per cubic centimeter. ‘Two lots 
of unsalted and two of salted butter obtained from the creamery 
as soon as made, were tested. In each instance the butter was 
received in pound prints and the first plates were made as soon 
as received. ‘The butter was kept in an ordinary refrigerator (at 
32° to 38° F.) and plates were made every few days. 

The first few tests were taken from different portions of the 
outside of the butter roll, as the difference between the number 
of germs living on the outside of the butter and those living on 
the inside were probably slight while the butter was fresh. 
Later, when the difference might be appreciable, the roll was cut 
at various places and samples taken from as near the center 
as possible for the inside determination, in order to compare it 
_ with the outside. 





* One pound weighs 454 grams. 
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Tables 14 and 15, which precede, give the results of the studies 
made upon butter. 

It will be observed that there is a constant decrease in the 
number of bacteria as the butter becomes older. In general 
this decrease is most marked at the very outset. In the case of 
the first lot of unsalted butter 65 per cent. of all the bacteria 
present died off in the first day. Ripened cream contains im- 
mense numbers of germs, hence it would be expected that 
freshly churned butter would also contain large numbers. After 
a number of days the number of bacteria are in general smaller 
in the inner than in the outer portions of the butter. 


SUMMARY. 


The number of bacteria in milk increases very rapidly with the age — 
of the milk, This increase ts most rapid when milk ts kept warm, 
as warmth ts favorable to the growth of the organisms. “Cooling 
milk as rapidly as possible and keeping at a low temperature hinders 
the development of the germs. 

The number of bacteria in milk as ordinarily sold may vary from 
thousands to millions per cubic centimeter. The smallest number 
found in milk sold in Middletown was eleven thousand per cubic 
centimeter and the largest number was nearly eight and a half 
millions. As there are 946 cubic centimeters tn a guart, these 
figures mean that the milk had from ten million to eight billion 
(eight thousand million) bacterta per quart. 

The presence of only a small number of bacteria tn milk indicates 
care and cleanliness in tts handling and storage and also that tt ts 
comparatively freshly drawn. Sour milk and ripened cream contain 
many millions of bacteria in a cubtc centimeter. 

The number of bacteria in butter, whether salted or unsalted, 
gradually diminishes as the age of the butter increases. In butter a 
year old the number becomes very small indeed. There ts a more 
rapid decrease of bacteria in butter during the first few hours than 
1s exhibited later and there ts a more rapid decrease in the inside of 
the butter roll than on the outside. The decrease in salted butter ts 
much greater in the first few hours than that of unsalted butter. 
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VoL CREAM RIPENING WITH PURE CULTURES OF BACTERIA. 


In the Annual Report of this Station for 1893, pp. 43-68, there 
were given a series of experiments upon cream ripening with a 
considerable number of species of bacteria which had been iso- 
lated from normal milk and cream. These experiments have 
been continued, with an interruption during the summer months, 
until the present time, and the details of the further experiments 
are given in the present article. 

The majority of the species of bacteria which are described 
below, and which have been used in all of the experiments upon 
which the present paper is based, have been obtained from milk 
products. Some of them have been isolated from ripening cream 
from several different places in Connecticut; some of them have 
been isolated from sour or sweet milk; and some from fermented 
milk; several of them were obtained from a lot of milk which 
had been sent to the Columbian Exposition from Uruguay as an 
illustration of certain food products. <A few were obtained 
from the air and several from water. In all cases, with the 
exception, therefore, of the water bacteria, the species in ques- 
tion may be regarded as normal milk bacteria, and their effect 
upon cream in its ripening and upon the butter subsequently 
obtained by churning the cream is, therefore, of considerable 
practical importance in enabling us to understand normal dairy 
products. ‘The description of the species will therefore be given 
in more or less detail. 


DESCRIPTION OF SPECIES. 
No. 34. 

Locality—Isolated from the air in Jackson Park at Chicago, in August, 1893. 

Morphology.—A spherical organism which has the characteristics of the genus 
Merismopcedia. Size.4 yp. 

Motility.—No motion. 

Relation to Air.—Grows well under mica plate. 

Temperature.—Grows profusely at 35° C., though not producing color. 
Grows also at 20°. 
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Colony on Gelatine.—A liquefying pit is formed with a nucleus and a cloudy 
edge. Differs from most liquefying colonies in not being clear round the rim, 
but uniformly cloudy to its extreme edge. 

Gelatine Stab Culture.—Growth is abundant Bloat the needle track. There is 
a slight surface growth which does not spread, is rather thick and does not 
very thoroughly liquefy the gelatine. | 

A gar-Agar.—A thick, moist layer with a sharp edge tinged with yellow. 

Potato.—No visible growth. 

Mitlk.—Is not affected either at 20° or at 35°. 

Bouillon.—Becomes slightly cloudy with a tough, yellowish sediment. After 
four weeks liquid becomes clear. 


No, 38. 


This is the well-known Bacillus subtilis. 


No. 40. 

Locality.—Found in a lot of milk from Uruguay, South America, at Chicago. 

Morphology.—A \arge micrococcus, size, .9 /. 

Motihty.—Non-motile. 

Relation to Air.—Will grow under mica plate. 

Colony on Gelatine.—¥orms a little pit with a center granular ye!lowish 
nucleus and an outer lobate granular ring. Sometimes the pit contains a 
yellowish granular mass without a rim. Sometimes there is formed an irregular 
lobate liquefying pit. 

Gelatine Stab Culture.—Slow growth. Forms a narrow funnel or sometimes 
a deep pit which is quite dry. There is formed a thick liquid with a yellowish 
sediment anda yellowish scum. ‘The gelatine never completely liquefies even 
after weeks of growth. 

A gar-Agar.—Forms a Naples yellow, rough, dry layer with a sharp edge. 

Potato.—Forms a Naples yellow, dry, mounded, thick layer, the color not so 
brilliant as on agar. 

Milk.—After five days at 35° the milk is curdled into a soft curd with no 
whey. The reaction is acid. After a month it becomes much harder with 
yellowish flakes and there is no digestion of the curd. ( 

Boutllon.—Remains clear with a slight, flaky scum and a slight sediment. 
After four weeks’ growth the whole liquid clears up retaining simply a slight 
yellowish sediment. 

No. 40 is closely allied to No. 2 described in the last Annual Report. It 
differs only in its ability to grow under mica and slightly in its growth in 


gelatine. 
No. 41. 


See page 57 of this Report. 
No. 43. 
Locality—From specimen of Uruguay milk. 
Morphology.—An oval micrococcus or a short rod not forming chains nor 
SDOrES. cuoize, Ott. DY (yz. 
Motilty.—Non-motile. 
Relation to Air.—Will grow under mica plate. 
Colony on Gelatine.—A smooth, round, slightly raised white bead. 
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Gelatine Stab Culture.—A beaded needle track with an abundant growth. A 
raised, transparent surface layer which thickens into a quite thick white mass. 

Agar-Agar.—A very thin, transparent, extremely tenacious yellow layer 
which adheres to the needle and is not easily spread or diffused through water. 

Potato.—No visible growth. 

Milk.—No noticeable effect upon milk. After several weeks there is a slight 
acid reaction in the milk, but not sufficient to curdle the milk when heated. 

Bouillon.—Liquid becomes uniformly cloudy with a dense, tough} yellowish 
sediment. After four weeks the liquid clears retaining the sediment. 


No. 44. 

Locality.—Milk from Uruguay. 

Morphology.—A large micrococcus 1.5 y. in diameter. 

Motiiity.—Non-motile. 

Relation to Air.—W ill grow under mica plate. 

Temperature.—Grows well at 35° and at 20°. 

Colony on Gelatine.—A smooth, round, raised gray colony. Sometimes there | 
is formed a whitish bead at first which spreads into a grayish colony of small size. 

Gelatine Stab Culture.--There is an abundant needle growth with a thin, 
transparent, slightly spreading surface growth. Sometimes in old cultures the 
surface is sunken into a dry pit. 

Agar-Agar.—A thin, whitish, dry iridescent growth, rather tough and not 
dissolving in water. 
_ Potato.-—A yellowish or slightly brown growth turning the potato dark colored. 

Milk.--N o change in the milk although after a couple of months’ growth the 
milk becomes rather thick and transparent. MJReaction is hardly affected. 
 Boutllon.—A uniformly cloudy liquid, especially cloudy at the surface, where 
there is a thick cloudy layer of considerable depth, but no true scum. After 
four weeks the liquid is still cloudy with a slight scum. 


INGwAS. 


Locality.—From Chicago. Isolated from a lot of fermented milk (Matzoon). 
The milk had a pure, clean, sour taste and a fine curd. 

Morphology.—A species of Sarcinnia, .7 » in diameter. 

Motility.— Non-motile. 

Relation to Air.—Grows under mica plate. 

Temperature.—Grows abundantly at 35°, producing abundant culture. Grows 
well at 20°. 

Colony on Gelatine.—A large, slightly sunken colony, with a nucleus and 
granular edge. 

— Gelatine Stab Culture.—Slight growth along needle track, forming a yellowish 
dry layer on the surface of the gelatine. 

Agar-Agar.—A bright, yellow raised layer with sharp edges and not very 
diffusely spreading. 

Potato.—Very slight growth on potato, with a slight yellowish tinge. 

Milk.—No effect on milk at any temperature. 

Bouillon.—The liquid remains clear, but a sediment appears and also flakes 
arise on the sides of the tubes. These flakes continue to make their appearance 
and sink to the bottom for some time. After four weeks the liquid is clear, with 
a distinct sediment. 
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No. 46. 


Locality.—From Matzoon, at Jackson Park, Chicago. 

Morphology.—A short rod which forms chains of two or sometimes more. 
Size, .8 by .4 y on agar; slightly smaller on potato. 

Motility.— Possesses motion. 

Relation to Air.—Will grow under mica plate. 

Temperature.—Grows well at 35°, producing its color. Grows also at 20°. 

Colony on Gelatine.—A pit is formed with a rough crenate mass at the center. 
It spreads rapidly, becoming granular, and finally forms a pit with a nucleus 
and a clear rim. 

Gelatine Stab Culture.—An abundant needle growth is formed at first, and 
then a shallow pit at the surface, which slowly deepens, and after about eleven 
days forms a layer of liquefied gelatine half an inch deep. 

A gar-Agar.—A very thin, white, smooth layer which subsequently becomes 
yellowish. 

Potato.—A thick growth which is of a bright lemon yellow color. 

Milk.—The milk is very slowly affected. After about three weeks it is 
curdled into a soft mass which is either weakly alkaline or amphoteric in reac- 
tion. After six weeks’ growth it becomes slightly brown, and if kept at 35°, 
eventually is almost completely digested into a transparent brownish liquid 
which finally becomes almost mahogany colored. If the organism is cultivated 
at 35° for nine days and is then heated to a boiling temperature, the milk 
curdles. 

Boutllon.—Liquid becomes very cloudy, with a yellow precipitate forming. 
After four weeks it still remains cloudy with a dense precipitate. 


NO.147; 


Locality.—From the air at Middletown. 

Morphology.—A small micrococcus .4 y, in diameter. 

Motilty,—None. 

Relation to Aiy.—Does not grow under mica plate. 

Temperature.—Grows profusely at 35°. 

Colony on Gelatine.—A small, round, smooth, raised, snow-white bead. 

Gelatine Stab Cultuve.—An abundant growth along needle track with a thick, 
moist, but not widely spread surface growth. 

Agar-Agar.—A very moist, almost watery snow-white growth not very widely 
spreading. 

Potato.—Very watery, spreading over the surface of the potato. Snow 
white. 

Milk.—No effect upon the milk except a slight increase in alkalinity after 
about three weeks. At 35° there is sometimes a slight increase in thickness of 
the liquid. 

Boutllon.—A uniformly cloudy liquid rather clear at the surface. After four 
weeks the whole liquid clears up with a sediment. 


No. 48. 
Organism No, 48 is almost identical with Bacillus erythrogenes. It differs 
from the latter only in producing no growth on potato and in producing a 
brownish red rather than a blood-red milk, 
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~ No, 40: 

Locality.— Air from Middletown. 

Morphology.—A large micrococcus 1 yz. in diameter. 

Motility.—None. 

elation to Air.—Does not grow under mica plate. 

Temperature.—Grows very slowly at 35°. Color not well developed at this 
temperature. 

Colony on Gelatine.—Not characteristic. 

Gelatine Stab Culture.—Slight needle growth and a slight superficial growth 
which is orange colored. 

Agar-Agar.—A very thick dark orange growth which is quite transparent. 

Potato.—No visible growth, 

Milk.—No effect on milk at any temperature. 

Louillon.—A uniformly slightly cloudy liquid, which clears up after four weeks 
with a sediment. 


No. 51: 


Locality,—Ripened cream from Durham, Conn.* 

Morphology.—A large rod in long chains. Rods with square ends, forming 
large spores in the middle. Size,1.5to.2by .8 4%. When growing on agar the 
chains break up into short rods. 

Motilty.—None. 

Relation to Air.—Will grow under mica plate, but not much except near the 
edge. 

Temperature.—Grows rapidly at 35°, less rapidly at 20°. 

Colony on Gelatine.—A slight liquefying colony forming peculiar characteristic 
contorted masses with the threads arranged in parallel rows. Colony very much 
like that of Proteus. Very characteristic. 

Gelatine Stab Culture.—Growth is slow. A shallow pit is formed which, 
after two or three weeks, liquefies about half an inch of gelatine. The pit is 
always cone shaped and liquefaction never proceeds very far even in the oldest 
cultures. 

Agar-Agar.—An abundant, spreading growth, quite dry and granular, 
and having somewhat the appearance of ground glass. 

Potato.—A dry, velvety white, sometimes even snow-white growth, becoming 
very thick. 

Milk.—Curdles in two days into a Mt, jelly-like mass which is weakly 
alkaline and is rapidly digested into a cloudy, yellowish liquid with an abundant 
sediment. The final digested mass is distinctly alkaline. 

Bouillon.—A clear liquid with a scum forming at the surface which sinks in 
flaky masses when disturbed. 


No. 52. 
Locality.—Cream from Cromwell. 
Morphology.—A minute micrococcus .3 »% in diameter forming chains which 


have a tendency to arrange themselves into rings. 
Motility.—Non-motile. 





* A variety of the same species has been found in snow in Middletown, Conn. 
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Relation to Air.—Will grow under mica Pie 
Temperature,—Grows rapidly at both 20° and 35°. 
Colony on Gelatine.—A smooth, round, raised white colony which reaches the 
diameter of 1 mm. Colony very white and not spreading. 
Gelatine Stab Culture.—A typical nail culture with an abundant needle 
growth and a snow-white, thick, raised, round surface growth. 
Agar-Agar.—An abundant, thick, smooth, glistening white growth. 
Potato,—Very abundant growth spreading over the potato, quite thick and 
snow white. i 
Milk.—Curdles at 35° in three days; at 20° in six days. Curd is soft and 
acid and has the odor of ordinary sour milk, 
Bouillon.—Uniformly cloudy growth with a slight sediment. 


No. 53. 
Locality.—Milk from Middletown. 
Morphology.—A short bacillus. 
Motility.—None. 
Relation to Air. 
Temperature, 





Grows slightly under mica. 
Grows well at 20° or at 35°. 





Colony on Gelatine.—A large raised bead which spreads over the surface as a 
white, smooth colony I mm. in diameter. 

Gelatine Stab Culture.—Abundant needle growth, somewhat otaniies Sur- 
face growth is abundant, somewhat spreading, pearly white and waxy. Abund- 
ant gas bubbles produced in the gelatine. 

Agar-Agary.—An abundant, thick, raised white growth, not specially char- 
acteristic. 

Potato.—A white growth. tinged with brownish, quite abundant, usually 
thick, though sometimes thin and spreading where potato is very moist. 

Milk.—Curdles in two to three days at a temperature of 20°. Is very acid. 
Curd is hard with a little whey, and does not digest. 

Bouillon.—Slightly cloudy bouillon with a slightly thick precipitate. 


No. 54. 
Locality.—Milk from Middletown. 
Morphology.— 
Motility.—None. 
Relation to Air. 
Temperature. 





Will grow under mica plate. 
Grows at 37° and also-at the temperature of the room. 

Colony on Gelatine.—A large surface colony, irregular or lobate in outline, 
white. 

Gelatine Stab Culture.—Slight needle growth or a thin, irregular surface 
growth. 

Agar-Agar.,—White layer not especially characteristic. 

Potato,— 

Milk.—Does not curdle at temperature of the room in seven days, but the 
milk becomes distinctly acid. Becomes slightly thick with a clear stratum on 
top. 

Bouillon—Cloudy bouillon with white precipitate. 

This organism was lost before its characters were completely determined. 
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No. 55. 

Locality.—Milk from Middletown. . 

Morphology.—A short rod with rounded ends. Size, 1 by .8 ». Contains 
clear bodies which look like spores. 

Relation to Air.—-Grows under mica. 

Motilty.—Non-motile. 

Temperature.—Slight growth at 35°. 

Colony on Gelatine.—Colonies below surface round and small. Surface 
colonies spread into good-sized white, slightly granular colonies. They are 
white with smooth contours. 

Gelatine Stab Culture.—Slight growth along needle track. Surface growth is 
thin, semi-transparent and spreading. 

Agar-Agar.—White growth which is not characteristic. 

Potato.—Thick, spreading, irregular contoured growth which is slightly lemon 
color, 

Milk.—No effect except a slight ‘transparency. 

Boutllon.—A clear liquid shows a flaky precipitate. 


No. 56. 

Locality.—Milk from Middletown. 

Morphology.—Bacilli with rounded ends. In pairs but no chains. Size, 1.2 
p. by .8 p. 

Motilty.—Non-motile,. 

Relation to Air.—Grows under mica plate. 
Grows at 20° also rapidly at 35°, with wrinkled surface. 

Colony on Gelatine.—Surface colonies large, white, thin and transparent. 
They are irregular and lobate in outline and with irregular surface. 

Gelatine Stab Culture.—Surface growth is clear, irregular edged and thin. 
An abundant granular needle track growth. 

A gar-Agar.—Thin, white, spreading. If the agar is dry the growth does not 
spread but shows parallel rows of colonies on each side of inoculation line. 

Milk.—Milk becomes very acid but does not curdle. 

Boutllon.—Slightly cloudy with white sediment. 


Temperature. 





With the organisms above described experiments upon cream 
ripening have been carried on for the last eight months. In all 
there have been about 200 of these experiments up to the present 
time. The experiments have been identical with those described 
in the Annual Report* of a year ago, and each experiment was 
conducted as follows: A small lot of milk was passed through 
a separator, and the cream obtained therefrom was divided into 
two lots and placed in two sterilized cans. Both lots were then pas- 
teurized in hot water at a temperature of 69° C. (156° F.) Into 
the pasteurized cream was poured about 25 cubic centimeters 
of a milk culture of one of the organisms to be experimented on. 
~The two lots were always inoculated differently in order that a 





* Sixth Annual Report of this Station, 1893, pp. 43-60. 
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careful comparison may be made. Sometimes one was inoculated 
with one species and the other with another. Sometimes one was 
left without inoculation for control. The inoculated cream was 
then allowed to ripen at varying temperatures and for varying 
lengths of time. The temperatures which have been adopted 
have been 20° C. (68° F.) and 24° C. (75° F.), and the length of 
ripening has been usually 24 hours, though in some cases 48 
hours. After the ripening a careful examination of the ripened 
cream was made, the cream was churned and the butter also care- 
fully examined as to taste and flavor, both with and without salting. 
With each of the organisms above described several experiments 
have been performed, in most cases eight to ten, and in all cases 
enough to bring about uniform results. Where a half dozen 
experiments followed each other with absolutely uniformity the 
organism in question was no longer experimented with, but an- 
other was taken. But whenever any lack of uniformity arose in 
the results of the first half dozen experiments, the experiments 
with the organism were continued until absolute uniformity was 
reached. In this way the effect upon the butter of ripening 
the cream with each organism was determined accurately. In 
the following descriptions it is not thought necessary to give the 
details of each of these experiments. Most of the 200 are 
duplicates of each other, and the essential results can be given 
just as well by describing a few experiments as by describing 
them all. It will be, of course, understood that in the following 
descriptions we have results which have been confirmed in every 
case by a series of experiments, and in no cases are the results 
of experiments isolated ones. They may, therefore, be re- 
garded as accurate so far as this method of experimenting with 
pasteurized rather than sterilized cream makes accuracy pos- 
sible. 


Species No. 34. 


At atemperature of 20° for 24 hours or 36 hours the cream 
is scarcely changed. It remains thin and limpid, although it 
acquires a very slight acid reaction and a slight sweet taste. 
The butter made from it is good, but mild. It shows no decided 
flavor and lacks the desirable aroma present in properly ripened 
butter. It is, indeed, very similar to butter made from unripened 
cream. No. 34 is, therefore, a neutral species whose presence in 
normally ripened cream will have no great influence. 
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Species No. 38. 

As will be noticed from the above description, No. 38 is the 
common Lacillus subtilis, an organism which is well known and 
abundant in and around barns and dairies. It is, therefore, 
of especial interest to notice the effect of this organism upon 
the ripening of cream and the flavor of the butter. For that 
reason a larger number of experiments were performed with 
No. 38 than with most of the others, and the experiments were 
practically uniform in their results. The cream under its influ- 
ence was thickened, the amount of the thickening depending upon 
the length of ripening and the temperature. At 20° C. (68° F.) 
for 24 hours the cream was only slightly thickened as a rule, 
while, if ripened for a few hours longer, or if inoculated with a 
larger culture, the cream became quite thick, but not properly 
curdled. The reaction of the cream remained practically un- 
changed, the cream being essentially amphoteric, like normal 
fresh milk. There was noticed scarcely any change in the odor 
of the ripened cream, and it had hardly any appreciable taste. 
The peculiar flavor of fresh cream, however, had disappeared, 
and no prominent flavor or odor appeared in its place. The 
cream usually churns with considerable difficulty, and the butter 
made therefrom is poor in quality. There is no decidedly dis- 
agreeable taste unless the cream is over-ripened, but the action 
of this species seems to take away the somewhat pleasant flavor 
of the sweet cream which would ordinarily produce a delicate 
flavor of sweet cream butter. Although sweet cream butter is 
usually regarded as rather a tasteless product, it does have a 
slight and to many agreeable flavor. Aaczllus subtilis completely 
destroys this delicate flavor and leaves the butter almost abso- 
lutely tasteless. It makes butter which is much inferior to that 
of sweet cream butter, because it takes away from the butter even 
the slight taste which it would have had without the ripening. 
Bacillus subtilis is, therefore, a species that is distinctly objection- 
able in ripening cream, and if present in any considerable quan- 
tity will result in a deterioration of the flavor and the quality of 
the butter. When, however, it is present in small quantity it 
probably will have no especial influence, because it has no decided 
flavor of its own, and if other organisms are present with it to 
give a proper flavor, Bacillus subtilis will probably produce no 
objectionable results. 
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Spectes Vo. 4o. 


The cream becomes slightly thickened at the end of 24 hours. 
If the ripening is continued for 48 hours it becomes decidedly 
thickened, or if ripened at a higher temperature than 25° C.(77°F.) 
The reaction is neutral, or if the ripening is continued it becomes 
slightly acid. It possesses a very slight, indescribable odor with 
practically no taste, the taste of the ripened cream being almost 
the same as that of the fresh sweet cream. ‘The cream churns 
readily and produces a butter which is usually of a good grain, 
though occasionally soft and fluffy when the ripening is carried 
too far. The flavor of the butter is good, although not first-class. 
The specially desired butter aroma seems to be wholly absent. 
This species may be regarded, then, as a neutral species having 
no noticeable effect upon the butter, either in producing a good 
or a bad flavor. If present in ripening cream its influence will 
be inappreciable. 


Species No. gl. 


This species is more fully described elsewhere in this Report* 
and need not be mentioned again here. 


Species Lo. 43. 


This species is a neutral one. Only a few tests were made 
with it, but in these hardly any effect upon the butter was 
noticed. ‘The butter was mild and possessed hardly any flavor. 


Species Vo. 44. 


A moderate temperature, either 20° C. (68° F.) or 23°C. (73 aay 
for 24 hours, produces no appreciable effect upon the cream. It 
neither thickens nor changes its reaction, nor its flavor nor taste. 
The butter made from it is extremely mild and almost like sweet 
cream butter. When the cream is ripened at a higher tempera- 
ture, or for 48 hours, it becomes quite thick and smooth, acquires 
an acid reaction with a sour but pleasant taste and produces 
butter which is good but very mild, and with no very prominent 
taste. No. 44 is thus like No. 40, a purely neutral species whose 
effect upon the cream is very slight indeed, and its effect upon 
the butter is.so slight as to be inappreciable It would have no 
influence upon butter, either for good or for bad, if present in 
the normally ripening cream. 





* This Report, pp. 57, 58. 
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Species Lo. 45. 


This species produces slight changes in the cream. If ripened 
Bitar (73° b.) forie4 hours, or at 20° C. (68° F.) for a longer 
period, the cream becomes slightly thick with a slight acid reac- 
tion. There is no appreciable odor, but there is rather of a 
pleasant, though sweetish taste. The taste is not just like sweet 
cream, but is quite distinctly sweet. The butter made therefrom 
is tolerably good butter, with very little flavor to be noticed. 
The flavor is too mild for first-class butter, and yet the butter 
would always be regarded as of a good quality. When the 
ripening is allowed to continue for two days, or at a higher tem- 
perature, the flavor still remains good, but the butter is apt to be 
soft and of a poor grain. No. 45, therefore, is a species which 
may be of some advantage in the ripening of cream, but will not 
of itself produce a proper butter flavor. 


| Species No. 46. 


This species produces a thickening of the cream which may be 
considerable if the ripening is carried to a little more than the 
ordinary limits. The reaction is slightly acid. There is very 
little change in the taste and flavor of the cream, although a very 
slight sweetish taste is noticed and an odor a little different from 
that of fresh cream. ‘The butter is very apt to be poor in grain 
and is practically tasteless. ‘This species is, therefore, another 
neutral species which neither has any good nor specially injurious 
influence upon the cream. It is not a species which has any dis- 
tinct relation to the phenomena of cream ripening. 


SPECIES VG Ae: 


This species produces a slightly thickened cream with an alka- 
line reaction. There is a peculiar, though indescribable odor, 
with a sweet, pleasant taste. The butter is good, quite hard and 
fine-grained. It is rather mild, although of a good flavor. The 
ripening may be carried on ata temperature as high as 28°C. for 
24 hours without injury, or at 20° C. (68° F.) for 48 hours and not 
be over-ripened. This species is, therefore, one which may be 
of value in butter-making, and seemingly is one of those that 
directly contributes toward producing a good flavor. By itself, 
however, the proper aroma is hardly developed, the butter being 
too mild even when ripened for a long time. 
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Species Vo. 48. 


Cream is very slightly thickened. Indeed, in some cases there 
is hardly any appreciable change in the appearance of the cream 
after ripening, even at a temperature as high as 28° C. When, 
however, the ripening is continued for a longer time the cream 
becomes thickened. The reaction is alkaline or amphoteric, 
and, hardly changed from the normal reaction of the milk. 
There is a very slight, not especially pleasant odor developed 
and a peculiar, sweet taste. The butter made from the cream 
has in every experiment a peculiar taste as if the cream had been 
over-heated in pasteurization. It was thought at first that this 
was due to over-heating, but the absolute uniformity with which 
this flavor appeared led to the conclusion that it was really a 
taste produced in the cream by the action of the organism itself. 
The butter was not good and would have been everywhere 
regarded as very poor in quality. No. 48, therefore, is an 
unfavorable species for butter-making. Although producing a 
good grained butter, from a cream which churns quickly, there 
is a tendency to give to the butter an unpleasant flavor which 
makes the organism injurious for normal butter-making. 


Species Vo. 49. 


By this organism the cream is slightly thickened into a smooth- 
ish mass which is alkaline or amphoteric in reaction. There is 
only a very slight flavor, but a sweet, pleasant taste in the cream. 
The butter made therefrom is of an excellent quality. It is not 
so good as that produced by No. 41 and yet has a pleasant, 
agreeable flavor and a good grain. It may be regarded, there- 
fore, as one of the species of organisms advantageous to butter- 
making. 


Species Vo. 51. 


Cream is rendered somewhat thick and smooth by the action 
of this species when used for 24 hours at 20° C. (68° F.) The 
reaction is hardly changed. A peculiar, indescribable odor is 
noticed and a sweet, very pleasant taste to the cream. The 
butter made therefrom is mild, tolerably good in taste, though 
never producing a typical aroma such as desired in first-class 
butter. It is a species whose presence in the cream is of no 
special importance either in producing good or poor butter. 
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Species Vo, 52. 


When ripened at ordinary temperatures and for ordinary 
length of time the cream remains thin although it becomes filled 
with bubbles of gas indicating the probable formation of carbon 
dioxide. If the temperature is raised the gas is more abundant 
and the cream becomes thicker. The reaction is acid when the 
ripening takes place in a typical fashion. The odor is that of 
typical sour milk or sour cream and the taste the same. The 
butter made therefrom is good with a slight acid flavor. The 
aroma is not developed but the butter has the acid flavor which 
is desired as one of the factors of a high quality butter. This 
organism is, therefore, one of the better species of cream bacteria 
and undoubtedly aids in producing a proper cream ripening and 
butter flavor. 


Species No. 53. 


This organism makes the cream more or less thick according 
to the length of the ripening, and produces an abundant gas. 
When the cream that has been ripened with No. 53 is agitated 
the gas rises in a mass of bubbles to the surface and sometimes 
collects ina froth. ‘The cream is curdled if the ripening con- 
tinues long enough. It is decidedly acid and has the well-known 
typical odor of sour milk. The taste is also like that of sour 
milk. Butter made therefrom possesses a moderate acid flavor 
which may be decidedly too acid if the ripening continues too 
long. There is not produced, however, any proper butter aroma, 
and although the butter is tolerably good it is not first-class 
butter from lacking the especially desirable character of high 
quality product. 


Species No. 54. 


No. 54 has very little effect upon the appearance of the cream 
unless the ripening is continued for a long time. ‘The cream 
remains thin, no gas is produced, but it is rendered decidedly 
acid and acquires a peculiar, penetrating, rather strong odor, 
somewhat resembling garlic. The butter made therefrom is 
never of very good quality, although in some cases when the 
ripening has not been carried too far the butter is tolerably good. 
It is, however, never possessed of a proper butter aroma and 
usually has an unpleasant taste. The species is an unfavorable 
one for butter-making. 
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Species Vo. 55. 





No. 55 has no appreciable effect upon the appearance of the 
cream, The cream remains thin and develops no gas. The 
cream is rendered slightly alkaline and possesses a peculiar, vile 
odor, which is sometimes decidedly strong and unpleasant. The 
taste is also bad and the butter made therefrom, though not 
having so strong a taste as the cream, is never good. ‘There is 
no butter aroma; there is no acid taste and what taste there is, 
is an unpleasant one. The species is an unfavorable one for the 
butter-maker. 


Species No. 50. 


ee IR a, 


This organism produces an acid cream which is sometimes 
thickened if the ripening continues for a proper time, but if con- — 
tinued only a day the cream is quite thin. No gas is developed, 
but there is a strong, penetrating, pungent, or sometimes musty 
odor, and an unpleasant taste. ‘The butter made therefrom is 
always poor. It does not have a very strong odor, but is usually 
of rather a brackish or sickish taste and lacks any desirable butter 
aroma. | 

In addition to the organisms above described, six other species 
of bacteria have been isolated from water by Dr. K. C. Mead, 
and with these organisms experiments in cream-ripening have 
been made. Without going into the details of the descriptions 
of the organisms, the results of their action upon butter may be 
noted as follows: 

No. 1 produced butter with practically no taste and poor grain. 
No. 5 produced butter with a strong odor and taste of decay, the 
butter giving a slight indication of putridity; the cream was 
extremely vile in taste and flavor. No. 6 produced butter that was 
quite good but mild, and with a flavor that was not typical; it 
produced hardly any effect upon the cream and very little effect 
upon the butter. No. 7 produced butter which is essentially 
tasteless when the cream is ripened normally, or if the cream is 
over-ripened the butter is decidedly sour. No. 7 produced butter 
with a tolerably good grain, but with very little taste. The taste, 
however, was not bad except when over-ripened. The cream was 
hardly changed in its appearance or its reaction, and has very 
little odor or flavor. This species produced no good or ill effect 
upon the butter. No. 8 has a slight thickening effect upon the: 
cream and gives rise to a good grained but absolutely tasteless 
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butter. It is worse than No. 7, the flavor being inferior to that 
made from sweet cream. 

These experiments are still in progress, and it appears best to 
defer a summary and discussion of them until a later period when 
other experiments can be published in detail. It may perhaps be 
well, however, to notice the relation of the species experimented 
with up to this time to the power of producing lactic acid. The 
phenomena which is in this vicinity called “ripening” is fre- 
quently called ‘“souring,” and is practically always accompanied 
in normal butter-making by the production of lactic acid. It 
will be seen, however, from the various experiments already pub- 
lished, that the souring of the cream is only one of the phenom- 
ena, and that the production of a proper butter flavor is dependent 
upon some changes entirely independent of the formation of lactic 
acid. ‘The fact that in some cases the bacteria do not produce 
the same reaction in the cream as in sterilized milk is doubtless 
due to the uncertainties of pasteurization. Of the 29 species of 
bacteria whose effect upon butter has been described in this 
paper and in the previous report, 10 produce acid in milk and 
cream, and therefore sour the cream, viz.: Nos. 5, 16, 162, 18, 20, 
21, 40, 52, 54, and 56. Of these only two make what has been 
regarded as good butter, viz.: Nos. 16 and 52. Five have been 
found to make milk and cream slightly acid without souring it to 
any noticeable degree, viz.: Nos. 34, 41, 44, 45, 46. Of these two, 
Nos. 41 and 45 produce good butter. ‘Twelve either have no 
effect on the butter or render it slightly alkaline, viz.: Nos, 2, 22, 
Beto 20. 31,145, 47,48, 49, 51, and 55,.and of these: tour pro- 
duce good butter, viz.: Nos. 2, 22, 47 and 49.. On the other 
hand, at least four of the acid species produce decidedly dad 
butter, Nos. 162, 18, 54, and 56, and of the species producing an 
alkaline reaction five produce dad butter, Nos. 27, 31, 38, 48, and 
55. All of the other species produce little or no appreciable 
effect on the butter. Of all the species thus far studied, the 
one producing the best results and the most desirable aroma in 
the butter was No. 41, which, while producing a little acid, does 
not appreciably sour the milk or cream and never either curdles 
it or even renders it thicker than usual. The experiments, there- 
fore, thus far indicate that the butter aroma has nothing to do 
with the production of lactic acid. 
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FEEDING EXPERIMENT WITH SHEEP, 


BY CHAS.’D. WOODS AND CC) SS) FHEUES. 


The experiment was undertaken in order to observe the effects 
of different kinds of food upon the chemical composition of the 
flesh of sheep, and is a continuation of that reported in the pre- 
ceding Report* of this Station. 


PLAN OF THE EXPERIMENT. 


The plan consisted in selecting a number of sheep of the same- 


breed and age, and as nearly alike as possible, and dividing them 
into four groups. One group was to be butchered at the 
beginning of the experiment and the flesh analyzed. ‘The results 
of the weighings and analyses of this group would serve to indi- 
cate more or less accurately the condition of the other animals 
at the beginning of the experiment. Two other groups were to 


be fed differently, one upon a wide ration (relatively deficient in— 


protein), the other upon a narrow ration (relatively rich in pro- 
tein). In the two groups just mentioned, each animal was fed in 
a separate pen. A fourth group was selected from the remainder 
of the flock and fed collectively in one pen. This group received 
the narrow ration. The main object of this part of the test was 
to observe whether there would be any advantage in feeding in 
groups rather than in single pens adjoining each other. At the 
end of the experiment the animals were all to be butchered and 
as complete analyses of the flesh made as should seem advisable. 


DETAILS OF THE EXPERIMENT. 


About the middle of October, 1893, a flock of 38 grade Shrop- 
shire lambs of the preceding spring were purchased for the 
experiments of the winter of 1893-94. They were bred and 
reared in Vermont by one farmer, and were in medium condition 
when purchased, although they varied considerably in size. The 
smallest were excluded from the experiment. ‘The animals were 
kept in a yard, covering about one-fourth of an acre, and were 
fed, in addition to the pasturage of the yard, early-cut hay till 
Nov. 8. At this time they were divided into groups. 





* Report of this Station, 1893, pp. 28-42. 
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Four average animals of quiet dispositions were first selected 
for digestion experiments on the rations to be fed in the feed- 
ing experiments with the other animals. Three groups of five 
each were then selected for the feeding experiments. Lot A of 
five, Nos. 13-17, was placed in a large pen preparatory to 
slaughtering. ‘Two other lots of five each—B, Nos. 20-24, and 
C, Nos. 25-29, were placed in individual pens. They were fed 
alike till Nov. 14, being allowed all the good hay they would eat, 
and each in addition had about one-half pound of ground oats and 
peas. 

Beginning Nov. 14, each animal was allowed 12 ounces of 
ground oats and peas and 1% pounds of early-cut hay. On 
Nov. 16, all of the lambs of lots A, B and C were weighed and 
individuals were shifted until the total weights for each lot were 
nearly the same. 

Six animals of about the same total weight as the other lots 
of five each, were also selected from the remainder of the flock 
and placed in a large pen to be fed collectively. The experiment 
began Nov. 16. Lot B was fed the wide ration and lot C and the 
group (D) had the narrow ration. The following table gives 
the weight of each animal at the beginning of the experiment and 
the total and average for each lot: 


Weights of Each Sheep and Total and Average Weight of Each Lot 
at Beginning of the Experiment. 



































Lot (A) SLAUGHTERED. Lots FEp IN SINGLE PENS, Group (D) FEp. 
Nos. Nov. 16. Wide Ration, Lot B. |Narrow Ration, Lot C.| Narrow Ration. 
Lbs. Nos. Lbs. Nos. Lbs. Nos. Lbs. 
13 79.0 20 59.5 25 61.5 30 58.0 
14 60.0 21 75.5 26 55.8 31 48.5 
15 54.5 22 55.5 27 71.3 32 46.0 
16 54.5 23 59.0 28 50.5 33 63.0 
17 56.0 24 56.0 29 63.5 34 45.5 
eT aid SS Ph ae ie. a5 44.0 
Total, 304.0 — 305.5 — 302.6 — 305.0 
Average, 60.8 a 61.1 = 60.5 — 50.9 


























From this tabulation it will be seen that the total weights of 
each lot were essentially the same, and that the average weights 
of the sheep in each lot, except the group, were nearly alike. 
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The sheep of the group (D) fed collectively were considerably 
smaller than those of the other lots, six animals weighing about 
the same.as five in each of the other lots. It will be noticed that 
the individual sheep of each of the lots varied considerably. 
This was an unfortunate condition, as it probably indicated some- 
what similar differences in the general vigor and thriftiness of 
the sheep. 

The five animals intended for slaughter (Lot A) were killed 


Nov. 16, and were intended to represent as nearly as possible the © 


average condition of the other three lots. The feeding com- 
menced Nov. 16 and continued till March 29 for the two lots 
(B and C) fed singly, and till April 13 for the group (D). The 


sheep fed in single pens were separated from each other by only | 


slat partitions, and they seemed quiet and contented throughout 


the experiment. 
ABLE db, 


Kinds and Amounts of Food tn Ration Used for Each Animal in 
Sheep Feeding Experiment, 1893-94. 






































FED FROM 
Nov. 16 To MarRcH 29, Coes 
Kinp oF Foop. 133 Days. 
Each Day. ieee #34 Daily. 
Lot A. Oz. Lbs. 
Sheep Nos. 20-24, Wide Ration. 
Corn meal, = - a < ¢ 3 re i2 100 a 
Wheat bran, - - - - - - - 4 a a 
ay in? Memes Wale od) ee ee me De 16 133 ax 
Turnips,* = = - 2 - . : 4 at ie 
Lot B, and Group Lot D. 36 277 co 
Sheep Nos. 26-29, and Nos. 30-35, Narrow Ration. 
Linseed meal, 3 parts, PR RR C+ 0 5 
Corn meal, I part, f ; ¥ A 33 es 
Oat and pea meal, - - - a ‘ - 8 67 40 
Wheat bran, - - - - - - - 4 CK 20 
Hay, - - ; - - - - - 16 133 80 
| Bo 266 160 








* Fed 44 days; Feb. roto March 26, 


KINDS AND AMOUNTS OF FOOD. 

As the animals varied considerably in weight, it was thought 
best to feed each sheep according to the requirements of its 
appetite. The sheep were fed on about the same plan as in the 
experiment of the winter of 1892-93.* Those of the wide ration 





* Report of this Experiment Station, 1893, page 28. 
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(lot B, Nos. 20-24) were fed hay from early-cut mixed grasses, 
together with corn meal and wheat bran, with a small amount of 
turnips, during the latter part of the experiment. Those having 
the narrow ration (lot C, Nos. 25-29) received the same kind of 
hay, and in addition, corn meal, wheat bran, linseed meal, and 
ground oats and peas. The group (D) was fed the same kinds 
of feed as lot C. Two rations, assumed to be normal in quantity, 
one wide and one narrow, were first prepared and taken as a 
basis, the total amounts fed being increased or decreased from 
time to time according to the appetites of the sheep. 

Sheep No. ':24 of the wide ration and No. 25 of the narrow 
ration were dropped out during the latter part of the experiment 
owing to lack of thriftiness, so that the discussion which follows 
applies to only four sheep in lot B and four in lot C. The 
amounts fed in the normal ration are shown in table 16 on 
the opposite page. 

TABLE 17. 
Percentage Composttion of the Feeding Stuffs Used and the Uneaten 
Residues in Sheep Feeding Experiment of 1893-94.* 





























MATERIALS FED, Water. |Protein.| Fat. re Biber ash. 
% % to fo % he 
Corn meal, - = - Se Tee ACatsTOul Oi 4,5 aun Oud oe lc ered 
Wheat bran, - - “ - 8.90.) 17.34 y 5.239 522057) (6-08 5,07 
Linseed mixture, - - - 10.50 | 30,06") °5..5301;43.000) 05.00 | 4635 
Oat and pea meal, - - eae | LIS 960129700 2.55) So: OS UeLOnO 2 Mma Sa 
Hay (mixed grasses, ) - 2 - 8.32) | FL18+$). 3.50 | 40.05, |) 31.049 5723 
Uneaten Hay Residue, 
Sheep No. 20, - - - - G.25 ILI Stine se2Or qa id) 20, 33 oe. OF 
Sheep No. 21, - = - - 7.5014 O.3li te Gel 20 45.045 le2o.Oer 1a 5. Fe 
Sheep No. 22, - = - - POs (it. 26 3.4) de saute aor e st Od 
Sheep No. 23, - ~ = ~ 7537 LO;eorie ¥ 4 Ol WAOn S310 20, 34, SOT 
Sheep No. 26, - - - - S.Or Nh 1t.48 (2. 75 ra bs008 23.99 fo 534 
Sheep No. 27, - - : - 7.69) 121601) 3.03 45.01, )26.54 ) 5.04 
Sheep No: 28;) - - - - Qg:05- 14. 80s 2.08) Ageroona4 FO Gore 
Sheep No. 29, - - - - G00: 14.250 2.4247 40s1l |) 96,52) 4:61 
Group JD, - - - - - G20 153,260) 2.40" 36.905, 1630: 30.) 5.74 
Uneaten Grain Residues. 

Sheep No. 20, - = - =) | TOA L235 3.1 FOL. OO hs 0.26) S771 
Sheep No. 22, - - - - SALW ota sas Os O4so4 |. Os7h teat 
Sheep No. 23, -- - - - SSPE eaye tae Oa 04.32 sm 30h) Oe th 
Sheep No. 26, - - - . SS 2ceor soubor a ARS OCT Om S27q 
Sheep No. 27, - - = - $.0% | 20.75 1) 2;02'1.49,.86 | 13.37) 8.4 
Sheep No. 28, - - : - O, 9 el e2sO9 1s 2075 47.09 12.702 | “5.66 
Sheep No. 29, - - - - OA zag teil) 2°38 |) 47/377, 13,214) 6.00 
Group D, - - > - - 8.89 | 19.06 | 3.32 | 46.79) 13.70 | )S.2aum 











* For composition of these feeding stuffs calculated on water-free basis, see pp. 23-25 of this 
Report. 
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PERCENTAGE COMPOSITION OF THE FEEDING STUFFS USED. 


Samples of the grain and hay fed in the experiment were 
selected from time to time for the purpose of learning the com- 
position of the feeds used. These were taken in connection 
with the digestion experiments, two of which were made on the 
“narrow” and two onthe “wide” ration. The uneaten residues 
of each animal were also kept separate, the residue of grain 
being separated from the hay as far as possible. 

The composition of the feeds used, and of the residues, is 
shown in Table 17, which precedes. 


DIGESTIBILITY\ OF THE RATIONS: 


In the sheep-feeding experiment of the winter of 1892-93 the 
digestibility of the rations was calculated from average coeff- 
cients of digestibility of the different fodders, taken largely from 
the results of American experiments, and in a few cases from 
German experiments. The digestibility of the fodder is one of 
the most important factors which bear upon its effect on the 
animal, whether fed for growth, fattening, or milk. Any one 
fodder is liable to vary widely in digestibility from the average 
given in tables of compilations, so that even if the feeds used are 
analyzed, a source of error is introduced unless the digestibility 
of the particular ration is also known. 

Two digestion experiments were made on both the narrow and 
the wide ration, two sheep being used in each case. The details 
of these digestion experiments are given in the papers on diges- 
tion experiments with sheep which follows this article. 

The percentage digested of each of the constituents of the 
rations is shown in the following tables: — 
































TABLE 18, 
Rations Fep Dality. Organic Proteta: Fat. Nit.- | Fiber. | Ash. 
Matter. free Ext 

Wide Ration. Oz. 
Corn meal, - - w} 12 
Wheat bran, - - - 4 69.0) 4755.0.) 08.5 117024) 2 see 23.0 
Mixed hay, = - - | 16 

Narrow Ration. 

Corn meal, - - race Ty 
Linseed meal, - - =T1Es | 
Wheat bran, - = oe (a. Wh ae er BI Wa lay Zevy. Pelee e le CaP tsk oes 29.2 
Oat and pea meal, - =< 58 
Mixed hay, - - - | 16 
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It will be readily seen that the narrow ration (relatively rich in 
protein) was much more thoroughly digested than the wide ration 
(relatively deficient in protein). 

A large number of digestion experiments made in Germany 
indicate that the presence of large quantities of carbohydrates 
(starch) in a ration tends to lower the digestibility of the protein 
and fiber. This experiment points in the same direction. The 
wide ration had a large proportion of corn meal, which supplied 
large amounts of starch, while the narrow ration had but a small 
quantity of corn meal, but was relatively rich in protein. But 
whether these results are actual or only apparent, neither these 
experiments, nor those previously made, decide. 


THE RATIONS EATEN, 


Table 19, which follows, shows the total amount of hay and 
grain fed to each sheep for the whole period, the total nutrients 
and the digestible nutrients and also the averages for each day. 
The averages are given in heavy type so that the total ration for 
each sheep can be readily seen. Nos. 20-24 were fed a small 
quantity of turnips during the latter half of the experiments. 
These did not enter into the digestion experiments and their 
digestibility is estimated from the averages of other experiments. 
Only small quantities were eaten and hence their influence on 
the ration must have been slight. 

The uneaten residues consisted of the coarse parts of the hay, 
together with some grain. ‘The amounts uneaten were small and 
it was thought that no great error could be introduced by assum- 
ing their digestibility to be the same as that of the entire ration. 
Table 20 summarizes the total and digestible nutrients eaten by 
each sheep in the experiments. Wolff’s (German) standard for 
fattening sheep per 75 pounds live weight is also given, and has 
a nutritive ratio of 1:5.5. The average of 11 experiments with 
22 animals, conducted in five experiment stations of the United 
States is also given and has a nutritive ratio of 1:6.1. The fuel 
value of each of the rations of the experiment is less than that 
of the standards. In the experiment the sheep were fed on a 
basis of 75 pounds live weight. It will be noticed that the nar- 
row ration contained a relatively large amount of protein and is 
narrower than either of the standards, and that the wide ration 
contains a relatively small amount of protein and is much wider 
than either of the standards. 


7 
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TABLE 19. 


_Lstimated Total and Digestible Nutrients in Food Eaten by Each 
Animal in Sheep Feeding Experiment, 1893-94. 








ToTAL NuTRIENTs. DicEsTIBLE Nu- | 


pene TRIENTS. 
Torss otal o ‘es 
; ' . : arbo- 
eeds Pro- | Fat, |. Nit.- | Fiber.) Pro- | Fat. | hy- 
tein. free Ext tein. drates 























WIDE RATION. 


Lbs. Sa Labs. ; f ; ‘ : 
Sheep Woe so. s Lbs s Lbs Lbs Lbs Lbs Lbs 


































































































Corn meal, - - = FO Tso 
Wheat bran, - - a ga 15.6) 0.7 | 86.2) 4-5) 
Hay, - = - - 1130.4 
Turnips, - : - | I1.0 14.6) 47) 53-8 | 40:0 |e 
Total furnished, - |271.8 | 30.2 |10.8 | 140.0 | 45.5) 16.7 | aye eee 
Uneaten residue, - S 4.4 ue aH 2.6 A 33 a 2ea 
Total eaten in 133 days, | 267.4 | 29.7 | 10.7 | 137.4 | 44.7 | 16.4] 7.3 129.3 
Average per day, - = | — .223 | .080 | 1.083 | .886 | .123 | .055' .971 
Sheep No. ai. 
Corn: mealic~ = - - |105.3) | 
Wheat bran, - . = 3527. 5 £6.73) D0) 202 Ca oF oR 
Hay, - - - - | 140. 
THe - : - To 15.8) (5-0 |57-9 | 43-74) 7a ean 
Total furnished, “4. 201.9- 7] 32.50 11.01 TSO: 7) 45.500 boro ee; 141.5 
Uneaten residue, - ‘ 2.7 oS Aa t2 8 Tnpess T.4 
Total eaten in 133 days, | 289.2 | 32.2] 11.5 | 149.5 | 47.7 17.9} 7a tadoen 
Average per day, - -| — .242 | .086 | 1.124 | .859 | .185 | .059 | 1.053 
Sheep No, 22. 
Corn meal, - - - | 99.4] 
Wheat bran, - - ee Me Pee 15.8 | 0.2). 87.0 4.0) 
Hay; S - ~ 4132.5 i 
Turnips, - - =—Watt.O 1410) 4 Bs S4: 7 at ot ane. 
Total furnished, Say 270 of 3067 | 110 | 14253 45, 9a wee 133.6 
Uneaten residue, - -| §.3 6 2 3 20.0 ay, | a 2% 
Total eaten in 133 days, | 270.8... | 30.2 10.8 1139.15) 45, bie Or ae 130.9 
Average per day, - - | — .226 | .081 | 1.046 | .889 | .125 | 056 .984 
Sheep No. 23. . 
Corn meal, - ss 1 O17) 
Wheat bran, - : -| 306 14.0 |) 5.8) -80.8:)) 4.2) saa 
Play ).'.2= - - il aay 
Turnips, - - il eT Osh 13.8 | 4-4 | 50:5 | 38.0 = 
Total furnished, #0} 255.05, 284. O21 ss Aaa nee eae ae ae 
Uneaten residue, - hee 5.8 eats) #3 Ded 8 4 ee 3.0 











Total eaten in 133 days, | 249.8 sor 10.0-| 127.9 | 41.5 ae 6.8 | 120.3 
Average per day, - -| — | ,208| .075| .962| .812| .115 1.051! .906 
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TABLE 19.—( Continued. ) 


Do 





on G. 





NARROW RATION. 
Sheep No. 26. 

Lin. meal, 3 parts, } 
orn meal, 1 part, | 
Wheat bran, - 


Oat and pea meal, 
Hay, 


Taixs, 


Total furnished, 
Uneaten residue, - 
Total eaten in 133 days, 
Average per day, - 

Sheep No. 27. 
Lin. meal, 3 parts, ( |; 
Corn meal, I part, ei 
Wheat bran, = 
Oat and pea meal, 
Hay, - 


Total furnished, 
Uneaten residue, - 
Total eaten in 133 days, 
Average per day, - 


Sheep No. 28. 


Lin. meal, 3 parts, ( A 
‘Corn meal, I part, | 2 
Wheat bran, - 
Oat and pea meal, 
Hay, 


Total furnished, 
Uneaten residue, 


‘Total eaten in 133 days, 
Average per day, - 
Sheep No. 29. 
Lin. meal, 3 parts, } 
Corn meal, I part, § 
Wheat bran, - 
Oat and pea meal, 
Hay, 


mix., 


Total furnished, 
Uneaten residue, 


Total eaten in 133 days, 


_ Average per day, - 
































ToTaL NUTRIENTS. 


DiGESTIBLE Nu- 


TRIENT 


Ss. 




















sai of 
‘eeds, Dro- 
ein rae 
Lbs. bs. ipelbs; 
41] 
34.1 32.5) 5-4 
68.1 
£36.3 Th 2 Ca4s9 
272.0% 1 Age Fale TO.3 
2.9 4 I 
26077." | 47.4.) 10.2 
are 306 | 077 
34.1 | 
34.1 32.5 | 5-4 
68.1 | : 
136.3 $6.21 4:9 
272 Guo Nay. 75) 10,5 
2.4 4 I 
PIO eeA gS) LO. 2 
[Th .000 O77 
a 
to 
33.3 31 2].¢ 5 
66.5 } 
133.0 |14.9] 4.8 
266.1 | 46.6 | 10.0 
2.4 5 I 
263.7 AG6.T-4- 9-9 
— | 847 | .074 
| 
.O 2 
34.7 33 5-5 
69.4 J 
138.9 15.5 | 5-0 
2777 Aa Se5 tlOnS 
14.3 PU ome 
176.4 | 48.3 | 10.5 
aad .000 079 





Nit.- 
free Ext 





Lbs. 


68.4 


55-4 





123.8 
t4 





122.4 


920 


68.4 


55-4 





123.5 
fica 





122.7 


.923 


66.7 


54.0 





120.7 
Td 





TIG.0 
899 











Fiber. 


Lbs. 


10.1 





Pro- 
tein. 


Lbs. 


Fat. 


Lbs. 








.056 


Carbo- 
hy- 
drates. 


Lbs. 











100 STORRS AGRICULTURAL EXPERIMENT STATION. 
TABLE 19.—( Continued. ) 


Tora. NuTRIENTS. DicestisLE Nov- 





TRIENTS. 
Group D, Total of ER ere i 
Feeds. Pro- Fat. Nit.- Fiber. Proe Fat, hy- 
tein, free Ext tein. drates. 























Six Sheep, Narrow 


; Lbs. Isbse)edbs: Lbs. Libs. |: Lbs. Slebstaeciiess 
Ration. 






































Lin. meal,3 parts, | 

Corn meal,t part, § ™71*" aa te ( a 

Wheat bran, - - | 214.5 { 204-4) °:33+9) ; 430+4),, 02:5 

Oat and pea meal, =| 429.0] r 

Hay, - : ~ - | 858.0 95-9} 30.8) 348.8) 266.3) — — — 
Total furnished, - |1716.0 | 300.0) 64.7} 779.2) 328.8) 220.2} 45.8/ 788.4 

Uneaten residue, - : 7.6 eT af: B12). 2s 8 Pa i cree 

Total eaten in 146 days, |1709.4 | 298.9] 64.5] 776.0) 326.8) 219.4] 45.7 

Ay. per day per group, eee 2.047| .442) 5.3815 2.239) 1.503) .313 5. “B15 

Av. per day per head, - — 041} .074 .886 .878) .251) .052) .896 

















TABLE 20, | 
Average of Total and Digestible Nutrients Eaten Daily by Each 
Animal in Sheep Feeding Experiment of 1593-94.—Sum- 
mary Standard Rations for 75 Pounds, Live Weight. 

































































Totat NutTrigENts EATEN. DIGESTIBLE NuUTRIENTS.* 
SHEEP NuMBER. . 
Protein.| Fat. eee Fiber: ||\Proteins|) Hate ine au 
Wide Ratioz. Lbs. Lbs. Lbs. Lbs. Tobe. Lbs. f Lbs. Cal, 
No. 20, S o/h) 2925 A VOBO Wek 1033 4 a aO Natt a ane .971 |2965. 
No. 21, : - | .242-) 086] Ti124 | .359 1.135 | (059 [> T.05g ese 
Nios 22, - =e 2, 2261 O81) P2040" 2c 3200 Oe OGG .984 |23800 
No. 23, - =) 208.21 VANE (902733 Tana Vite eG .905 |2205 
Vet ee, = = een. 29 AUG cal h On 1 e.Oo bi OMe OG 98 (2320 
Narrow Ration. 
No. 26, - HP WR EO UMee OUT EP ga 2O 2388). 20Tueos2 .931 |2445 
No. 27, =)» | 4356.1 .077° |; 0.23 94.388 1° 261 1s O5 46 eueog eae 
No, 28, ~ | Sars Hos Oat Aree OO SOT ge nee a .gto |2390 
No. 29, - <7} 6363 Wi e079} Old 3081p 206s Oso .955 \2505 
Average, - - | 86 | .08 | .92 | 89 | .26 | 05 | .03 [2495 
Group D.—Narrow 
Ration. 
Average per head, | .841 | .074 , .886 | .878 | .251 | .052 | .896 /2355 
Standard Rations per 
75 lbs. Live Wetght. 
German,+ - - — — — — 225 .04 1.14 |Q716 
American, - - es = Se mre ib eee OT 1.08 (2675 


























* The nutritive ratio of the wide ration is 1:8.7 and that of the narrow ration 1:4.1; that of the 
German standard is 1:5.5, and the American 1:6,2. 


+ See explanation, p. 97. 
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RESULTS OF THE EXPERIMENT. 

At the end of the experiment, March 28, the animals were all 
sheared and the weights of the wool were taken. On March 29 
the animals were all butchered and the internal organs and 


carcasses were weighed, and the meat sent to the laboratory for 
analysis. 


The statistics at the time of butchering are given in Table ar. 


TABLE 27, 
Sheep Heeding Experiment, 18903-94.—Statistics of Animals, 










































































Live WeEIGHT.* | WEIGHT OF ORGANS, ETC. 
20 ates a) af : cs) ~ . 
= G (oe) o n A mo - iss} 
SHEEP No. 5 on 33S 4 . a i Lies = Q Sg 5 2 2 
mas ake | sO) ab | sae! -f aSi 5 | 8 
Sen a tae al ay ea = he SP ARS 
at. Lbs. Lbs; | Lbs. | Lbs. | Lbs. | Lbs.-| Lbs. | Lbs. | Lbs. | Lbs. 
re - - | 79.0 _ ——=JE3 Ee 7 ASE. OO ileeeene goal teh. Jon a 
et at COLO 0h 5) oh 25.9.0 .04 FOL) 28 TO fT, OO) tio 
I5, - = = (ay: Bas — —— | 2E-G: F £69 4 INO9 25 ech Sal kno 
16, - - i S415 — 23 Tle Re a ioe et en be Lon pres 
DY pie 7 - | 56.0 sacs —— 22.0 | 2192. 00 TA 28m. Pde tS 0 
Average, -| 60.8! — == | 96.0} .83). 934 28) 426 /1.35.)— 
hol i; 
Wide Ration. 
20, - - = 89,8) 1 82:5 |23.01) 34-4) 1.40 1.41 | .4T ).19,) 2575 6.66 
21, - - =|) ¥en | 100.0 | 24,5] 42.1 | 1.75 111.504 41 | .21) 2:07 8.44 
22, - - Se eee yO, lb 20.1) 31.4 1:47) 103/138) 2h) 2.405.904 
23, - - =a 6.0) 7823. 1.190.3°1 34-9. |-1-28-) 1,60 4. Lose. 00h 7.29 
Average, -| 69.4 | 84.4 | 22.0) 35.7 | 1.48 | 1.57 | .40 | .20 | 2,54 | 7.06 
Lot Cc. | | 
Narrow Ration. 
26, - = eS 8 | .80.4|.33.0,| 40.0 1 1,607) 1.3471. 5000.20 Te61e) 4553 
ow ts mM =| 41.3,| 86.4 | 15.1 | 38.3 | 1.69 | 1.25 | .347| .22 | 2.59 15.75 
28, - “| 60.5} 80.3 |-29.8°| 36.7 | 1-19 | 1.06 17.44) .18 | 2.22} 5,19 
PAS aie é ole 63.50). O13 | 27-8) 37-9 [1.00 L344 38, 2041-2,00 6.44 
Average, -| 60.3 | 86.9 | 26.6 88.2 | 1.53 | 1.25 | .42 | .20 | 2.16 |5.48 
Group D.+6 Sheep 
Narrow Ration. | 
Avg. per head, - | 50.8 | 77.2 | 26.3 | 38.9 | 1.46 1,03 | 87] — | 2.04 | 4.61 





* Including wool. + Fed 146 days. 


Lot A (Nos. 13-17) that had been killed November 16, was 
used as a basis for observing the effect of the ration on the com- 
position of the meat. From the weights of the animals at the 
beginning and at the end of the experiment it will be seen 
that there was an increase in the live weight, including the 
growth of wool from 19.3 to 24.5 pounds in the case of the wide 
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ration lot (B), and from 15 1 to 33.6 pounds in the case of the 
narrow ration lot (C), while group D made an average gain of 
26.6 pounds. . 

The average live weight of the animals of lot A (60.8 pounds), 
which were killed and analyzed at the beginning of the experi- 
ment, was practically the same as that of the two lots fed in single 
pens lots B and C (62.4 and 60.3 pounds). The average dressed 
weight of lot A was 25.0 pounds. The average dressed weight 
of the wide ration lot was 35.7, and of the narrow ration lot 38.2 
pounds. If it is assumed that the animals of lots B and C 
would have dressed, at the start, the same as the average of lot 
A, the gain in dressed weight would have been to.7 pounds for 
the wide ration lot and 13.2 pounds for the narrow ration lot. 

There was practically no difference between the weights of the 
lungs, the hearts, and the kidneys of the narrow ration and the 
wide ration lots. The livers were one-third of a pound heavier 
in case of the wide ration sheep. In this respect the experiment 
differs from a similar one made the previous winter where the 
livers of the narrow ration lot were one-tenth of a pound heavier 
than in the wide ration lot. 

The animals slaughtered at the beginning of the experiment 
had an average of 1.35 pounds of intestinal and caul fat. ‘The 
narrow ration sheep gave an average increase of .8 pounds and 
the wide ration sheep 1.2 pounds of intestinal and caul fat. 

The sheep were not sheared at the beginning of the experi- 
ment and hence it is not possible to get the increase of wool 
during the test. If we assume that the growth of wool was the 
same in the two lots at the start, the wide ration sheep must have 
made a much larger growth of wool, as the average weight of 
wool at the end of the experiment is 2.6 pounds greater for the 
wide ration sheep than it is for the narrow ration sheep. In the 
experiment of the previous winter where the sheep were sheared 
at the start, the narrow ration sheep grew heavier fleeces. 


CHEMICAL COMPOSITION OF THE FLESH. 


The flesh of the sheep of the narrow ration and the wide 
ration lots was analyzed. In each case the right side was used 
for analysis. The flesh of the entire side was carefully separated 
from the bones and then finely cut in a sausage machine. After 
thoroughly mixing the entire mass a small sample was taken and 
prepared for analysis. ‘The results of the analyses calculated 


: 
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both on water-free (dry matter) and fresh substance (flesh) are 
given in table 22, which follows. 


TABLE 22. 


Percentage Composition of Flesh ( Edible Portion) of Animals in 
Sheep Feeding Experiment of 1803-94. 
























































CALCULATED ON CALCULATED TO 
WATER-FREE BASIS. WaTER CONTENT OF FLESH. 
| Protein.) “Pat: N ahy: Water. |Protein.| Fat. | Ash. 
At Beginning of Experiment. G % % q q % G 
Sheep No. 13, - E VAT O95) 55094-2018 58.20 11 7:53 2903 7- Gd 
Sheep No. 14, - - #1) 335501 64.03 2 1,81) 152.49 015.970) 2070 eco 
Sheep No. 15, - - ~) 309,24 4 60.08 172,03 57.24) 16.78 ) 2e200 2.56 
Sheep No. 16, - - - | 33.87 | 64.26 | 1.87 | §3.47 | 15.76 | 29.90 | .87 
Sheep No. 17, - : Sh Odv30 OS. 7TH: Lor 154.53 15.03 620,07 veo 7 
Average, - - - - | 36,60 | 61.43 | 1.97 | 55.17 | 16.83 | 27.62 | .88 
Wide Ration. 
Sheep No. 20, - . - | 30.03 | 68.35 | 1.62 | 50.58 | 14.84 | 33.78 | .80 
Sheep No. 21, - - - | 34.23 | 63.86 | I.g1 | 54.90 | 15.44 | 28.80 | .86 
- sheep No. 22, : : - | 33.16 | 65.04 | 1.80 | 51.06 | 16.23 | 31.83 | .88 
Sheep No. 23, = =| 32.07 |. 65:32 | 1.71 | 51:53 | 15.98. |-3 1.66 |, 33 
Average, - - - - | 82.60 | 65.64 | 1.76 | 52.02 | 15.62 | 31.52 | .84 
Narrow Ration. 

Sheep No. 26, - - s36-R7 50.211 2.22) 50,30) Toros one egg 
Sheep No. 27, - - =14:33.09164.47-) 1.84 | 52.245) 10.09 |. 30.79 |. .56 
Sheep No. 28, Z = 120.50 1-75.88 11:53 | 4745 1.14.05 J 37.00 1.61 
Sheep No. 29, - - - | 44.53 | §3.03 | 2.44 | 60.59 | 17.55 | 20.90 | .96 
Average, - : - - | 06.84 | 62.15 | 2.01 | 54.09 | 16.18 | 28.88 | .91 





In table 23, on the following page, are given the actual weights 
of nutrients, protein, fat, etc., in the total flesh of each animal of 
lots A, B and C. The pounds of nutrients, as shown in the last 
five columns at the right were obtained by multiplying the weight 
of flesh (edible portion) by the percentage composition of the 
flesh as given in table 22. The average percentage of fat in 
the dry matter was 2.6 higher in the case of the wide ration than 
with the narrow ration lot of sheep, while the average of protein 
was .5 per cent. higher in case of the narrow ration lot. 

The ratio between the percentages of protein and fat in the 
dry matter at the beginning of the experiment was r to 1.7, and 
at the end was 1 to 1.8 for the narrow ration lot, and 1 to 2 for 
the wide ration lot. This shows that the sheep increased in 
relative fatness from the beginning of the experiment in each lot, 
and that the relative fatness was somewhat more in case of the 


wide ration lot. 
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‘VABLE 234 
Weights of Flesh and Nutrients in Flesh of Animals in Sia 
feeding we IC 1803-94: 

































































oe oe e In Episte Portion (FLESH). 
Bly 1 ee Sear 
cy avn a ca ® Water-free Sub. 
5 ? iS 8 oO om a a 5 
OL) g See ee aoe ae ea ig eae 
5 Rea ea 2 5 ies} 3 3 B 
Beginning of Expt.| Lbs. | Lbs. | Lbs.| Lbs. | Lbs. | Lbs. | Lbs. Lbs. | Lbs. 
Sheep No. 13, - | 79.0 | 30.76 | 6.86 | 23.90 | 13.90 | 10.00 | 4.19] 5.59}.217 
Sheep No. 14, .- | 60.0 | 24.94 | 4.44 | 20.50 | 10.74 9:76 3:27) O.g0)en 76 
Sheep No. 15, - | 54.5} 20.58 | 4.60 | 15.98}. 9.15 |) 6:83)) 2:65) 3p Oeienga 
sheep No. 16, = | °54.5 | 22.26 | 5.06 | 17.20]. 9:20 |  8iG0)| 2:71) SS. Ealaies 
Sheep No..17; - - |. 56.0 | 21.28 |'4.52 | 16.76 |)- 0.14 | 7-02 2.020 a Gueees 
Average, - | 60.8 | 23.97 | 5.10 | 18.87 | 10.48 | 8.44 /3.09; 5.18).166 
Wide Ration, 
Sheep No. 20, -.| 82.5 33.56 | 5.96 | 27.60 | 13.66 | 13.64 | 4:10) 9. 32)522" 
Sheep No. 21, - | 100.0] 40.00 | 7.26 | 32.74 | 17.96 |} 14.78 | 4.06) 9.43)-282- 
Sheep No. 22, - | 76.1 | 29.72 | 6.04 | 23.68 | 14:35 | 9.3313-84) Je54in200 
sheep. No. 23, ~- | .78:3 | 32.68 |.5.18 |} 27.50 | 14.17 | 13-399)4.30) aaa 
Average, - | 84.4) 38.99 | 6.11 | 27.88 | 15.11 | 12.77 | 4.09} 8.75) .245 
Narrow Ration. 
sheep No. 26, - | 89.4, 37.66 | 6.38 | 31.28 | 17.63/| 13.65 | 5. 26)eG70G;an = 
Sheep No. 27, - | 86.4 | 36.88 | 6.44 | 30.44 | 15.90 | 14.54 |4.90| 9.37|.268 
Sheep No. 28, - | 80.3 | 34.10 | 4.44 | 29.66 | 13.98 | 15.68 | 4.16| 11.27 oa 
Sheep No. 29, - | 91.3 | 35.26 | 6.28 | 28.98 | 17.56] 11.42 | 5.09] 6.06). 
Average, - - | 86.9 | 35.98 | 5.89 | 30.09 | 16.27 | 18.82 /4.85) 8.69 278 


The average differences in composition are pointed out in the 
following table: 


Differences in Weights of Nutrients with Different eel 





— 





In Ep1iBLeE PorTION (FLESH). 











a 
= 
eh pt n In Water-free 
Lot B (Narrow). Lot C (Wipe). os o g Su utenees 
o wu uw 
EQ ies o 38 ; 
ee a | 8% as 4 
O ee a2 ~ ra a 
fea > > re) w a 
vu a fx < 
Aa 
Increase over Beginning of Experiment, | Lbs. | Lbs.| Lbs. | Lbs, | Lbs. |Lbs 


Wide ration group, average of 4 animals, | 9,01 | 4.68) 4.88 | 1.00 | 3.57/| .08 


Narrow ration group, average of 4 ani- 








mals, : 2 - - : - | 11.22-|'5.84 | 6,88) 1.76) S.Giseeae 
Increase of narrow ration over wide ration 








group, - - - - - - | 2.21/| 1.16] 1.05 (|) .764) 2 0Gsae 





The increase in dry matter, water and protein was to have been 
expected from the percentage composition. 
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SUMMARY. | 


The experiment was undertaken in order to observe the effects of 
different kinds of food upon the chemical composition of the flesh of 
sheep. The plan consisted each year tn selecting a number of sheep 
of the same breed and age, and as nearly altke as possible, and dividing 
them into three groups. One group was butchered at the beginning of 
the experiment and the flesh analyzed. The results of the weighings 
and analyses of this group served to indicate more or less accurately 
the condition of the other animals at the beginning of the experiment. 
The two other groups were fed differently, one upona wide ration 
relatively deficient tn protein, the other upon a narrow ration rela- 
tively rich tn protein. At the end of the experiment the animals were 
all butchered and the flesh analyzed. The experiment has been con- 
tinued through two years, with no very decisive results. That food 
determines to a great extent the character and chemical composition 
of the flesh ts made clear, but the animals made so little growth that 
az 1s unwise to draw definite conclusions of a practical nature from 
the results of the experiments. 

The tables which follow gtve the condensed statistics of the expert- 
ments for two years, 

Summary of Daily Rations Fed, and Averages of Digestible Nutrt- 


ents Eaten, and Gain in Live and Dressed 
Weights of Animals. 















































iD) s N 
IN Pion hae Be | ee 
. s |as| & 
qa & 3 os = eo} = 
Bee ea a Be see Spel ae 
ecihee Saueseheal B 
fy conan el 
Lbs. b- Lbs. a Lbs bs Calico Lbs. ibs: 
Wide ration, 1893, - “ = Sei EeO2 acta WOOML OONpa Loo 1:2 72h LO 
Wide ration, 1894, - é a ae al yb nye Be C88 .98 | 2820 | .16 | .08 
Narrow ration, 1893, - : =| .1/90:) 400 00 1.45) 60D | .32 |. 10 
Narrow ration, 1894, - : =i Tye Ne VAG Os .93 | 2425°%1..20 | .10 
To produce a gain of 1 lb., Live Wet. 
Wide ration, 1893, - : =| 6:99. 482 7533 1. 5284.) 14000 | 1.001, .6 
Wide ration, 1894, - : Sr) oath Olin soe Ort 95114000 1 1,00\-. <5 
Narrow ration, 1893, - 3 oi 6.02 oo aharg 142004 115001 11001. 6 
Narrow ration, 1894, - : ~ 41 6.20) 4:609)52584" 4.05 4191001 7-00! +4 
To produce a gain of 1 lb., Drs'd Wet. 
Wide ration, 1893, - : id TI574eb LOG eS S 1p 0. Shah 2oO00 (I. 7 ee 
_ Wide ration, 1894, - - - | 14.62 1.62 -76 | 12.26.| 29000 | 2.0 | z.0 
Narrow ration, 1893, - - - | 10,23} 9:10 | 32) 7.81 | 19800) 1.7) re 
Narrow ration, 1894, - - - | 12.40] 2,60 | .50! 9.30 | 24800 |2.0] 1.0 


eee ti 


PT i 
JOT os NO ar 
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Percentage Composition of Elesh, Edible Portion of Animals in 2 
Sheep Feeding Experiments of 1893 and 1804. 
































CALCULATED ON WaTER-| CALCULATED TO WATER CON- 
FREE BASIS. TENT OF FLESH. 
Protein.| Fat. Ash. | Water. |Protein.| Fat. Ash. 
Beginning of Experiment.| 4% q % q % % q 
1893, 9= <=). (= = | ata | 66.1 b> 2.8 [758i4 0] 17.2 fees ee 
1894, - - - - |.36.6°1°61.4 | 2.0 | 65.2 4) 26.5 7 eye 
Wide Ration. 
LOA ii) Rea ie a aa ae 1.9 | 57.3 told. ce ee 8 
1894, - - - - 32.6 | 65.6 1.8.|-§2.0 | 718 Ochs nee 9 
Narrow Ration. 
LSOgyar - - SE oR6E NOt s 2.0:| 58.8 |sa5.0 [25 a0 
1894, - - - - 35 O42 O25 2.0 | 54.1 | 0. T 22876 8 

















Differences tn Weights of Nutrients with Different Rations. 














Wide ration group, Aug. 5, animals, 
TESS gouges era cep ae Ne 
Wide ration group, Aug. 5, animals, 
E804 a fe a <i 2 ta aoe 


Narrow ration group, Aug. 4, ani- 
mals, 1893, - - - - - 
Narrow ration group, Aug. 4, ani- 
mals, 1894,- - - -— = 


Increase of narrow ration over wide 
ration group, 1893,  - - - 
Increase of narrow ration over wide 
ration group, 1894, - - - 
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14:35}. 6257970) 5.01 
ED .22 ) ch Oa sens .85 
2.22 | 1.85 ey | 
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In EpisB_eE PorTion (FLESH). 


In Water-free Sub- 


stance. 
Protein.| Fat. | Ash. 











Lbs>+). bse 
1.241 4:55) e2o5 


1,00 | -3:57-1 .08 


1.64. )> 400 epee 
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.40 | —.04'| .OT 
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DIGESTION EXPERIMENTS WITH SHEEP. 


BY C. 5S. PHELPS AND CHAS, D. WOODS. 


It is a matter of every-day experience that only a part of the 
food eaten is actually used by the animal. It is, therefore, of 
importance in cattle feeding to have a-knowledge, not only of the 
chemical composition of a given food, but of the amounts of 
the nutrients which are capable of being assimilated. It is not 
so much what an animal eats, as that which it digests,* that is 
actually turned to account. 

Many analyses have been made of the different materials 
commonly used for food for cattle, and we have a fairly good 
knowledge of their composition. A good many experiments 
upon the digestibility of the different feeding stuffs have been 
made, but these are necessarily much less in number, and also 
less accurate than the analyses. Considering the short time that 
the experiment stations have been in operation in this country, 
the number of digestion experiments upon American feeding 
stuffs is quite considerable, but by far the larger number of 
experiments of this kind have been made in Europe and especi- 
allyin Germany. Just asit had been of great practical importance 
to make large numbers of analyses in order that we may know 
the average composition of American feeding stuffs, so it is 
important to have a large number of accurately conducted 
digestion experiments upon American feeding materials. The 
results already obtained are in many instances more valuable for 
our conditions than are those of the much larger number of 
German experiments. 

Partly to add to the stock of knowledge upon this important 
subject and partly because of the need of the results for use in 
connection with its feeding experiments, the Station began a 
year ago a series of digestion experiments with sheep. 





* The word digestibility as commonly used has more than one meaning. People often 
speak of one food as being more digestible than another, when they mean it is more quickly or 
easily digested. As here used, the term digestibility means the proportion of any given food 
or food constituent which is digested under usual conditions, without regard to the length of 


time or the ease of digestion. 
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DIGESTION EXPERIMENTS—HOW CONDUCTED. 


A digestion experiment is usually managed as follows: Selected 
animals are fed with the kind or kinds of feeding stuffs to be 
tested. The feeding stuffs are carefully analyzed. A weighed 
portion is fed, care being taken to see that none is wasted, 
and that all the uneaten residues are weighed and analyzed. 
In this way the exact weights of protein, fat, fiber, nitrogen- 
free extract and ash eaten are ascertained.* The solid excre- 
ment of the animal contains the undigested residues. This 
is carefully collected, dried, weighed and analyzed, and the 
amounts of undigested protein, fat, fiber, nitrogen-free extract 
and ash contained in it are found. The difference between the 
amounts found in the undigested residues and the amounts con- 
tained in the food eaten is taken as a measure of the amounts of 
the various nutrients which have been digested and assimilated 
by the animals. 3 

While such an experiment seems comparatively simple, it is 
surrounded by a number of difficulties which make the work 
laborious and tend to make the results somewhat uncertain. 


INFLUENCE OF THE ANIMAL UPON DIGESTIBILITY. 


The results of digestion experiments in Germany warrant the 
following general conclusions upon the influence of species, breed, 
etc., upon digestibility of feeding stuffs. ° 


Lnfluence of Kind of Animals.—Al\l ruminants, such as cows, 
oxen, sheep and goats, seem to digest practically the same amount 
of protein, fat, nitrogen-free extract and fiber from the same 
kind of food. In general, horses digest less of the food con- 
stituents than do ruminants. ‘This is especially true of the fiber 
and fat in the hays and grasses. | 


Lnfluence of Lreed.—The influence of breed upon digestibility 
has been studied with sheep, but no differences due to breed 
have been found. In general, it is probably true that different 
breeds of animals of the same species digest practically the same 
amounts of nutrients of the same food. 


Influence of the Individual.,—Individual differences have always 
been observed. ‘The variation is quite wide, and on this account 
the results with the influences of kinds and breed of animals are 
somewhat obscured, variations in amounts digested by different 





* For explanation of constituents and uses of feeding stuffs, see pp. 43 and 44 of this Report. 
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individual animals of the same species and breed being wider than 
most variations in different species. 


Influence of Age-——The few experiments (principally with 
sheep) tried indicate very little difference, if any, due to age. 


EXPERIMENTS HERE REPORTED. 
From the above it will be seen that differences due to age, 
breed and species of ruminants are slight. The digestibility of a 
feed by a sheep can be taken as a tolerably correct measure of 


‘its digestibility by a cow or steer. As sheep are easier to 


experiment with than are larger animals, and as many of the 
feeding experiments by the Station are with sheep, they have 
been employed in the digestion experiments which are here 
reported upon. ; 

The pens for the animals are similar to those devised by the 
Maine Experiment Station* except that the partitions and sides 
were made of half-inch iron pipe. The pen for each animal is 
about five feet square and has at one side a narrow stall in which 
the sheep is confined during the part of the experiment in which 
the feces are collected. ‘The mangers are arranged so as to 
prevent loss of food by scattering. The rubber-lined bags for 
collecting the feces and the harness used to hold them in place 
are quite similar to those used by the Maine Station. 

Each experiment lasted twelve days. The first seven days 
were given to preliminary feeding, during which the feces were 
not collected and each animal had the run of its pen. At the 
end of the first seven days the sheep were placed in the narrow 
stall and the rubber-lined bags for collecting the feces were 
attached. The whole of the feces was collected during the last 


five days of the experiment, and was removed twice daily from 


the bags and placed in the drying apparatus. Each half day’s 
portion of the feces was dried by itself, put in a glass jar and 
sent to the laboratory for analyses. 

The details of the experiments follow. 


DIGESTION EXPERIMENT NO, I. 
Wheat bran, corn meal and hay. 
Two grade Shropshire wethers of preceding spring. Experi- 
ment began January 11, 1894, and ended January 23, 1894. 
Feces collected for five days from January 18 at 1:30 P. M. to 


January 23 at 1:30 P. M. 


* Report Maine Agricultural Experiment Station, 1891, pp. 25-28. 
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The amounts fed daily were as follows: Wheat bran, 4 ounces; 
corn meal, 12 ounces; hay, 1 pound, being the wide ration used 
in the sheep feeding experiments described on page 94 of this 
Report. With sheep D the experiment was apparently normal 
throughout. Sheep B had a slight tendency to diarrhoea toward 
the end of the experiment. This may account for the larger 
weight of feces in the case of B and the consequent lower coef- 
ficients of digestion. 

Tables 23 and 24, which follow, give the details of the experi: 
ment. 

TABLE 23. 
Composition of Feeding Stuffs and Feces. 









































Kinp oF MATERIAL, pe Water. hae ake 5 Fat. ee Fiber. | Ash. eee 
Feeding Hye: % % % % % % % 
Diane < - | 1301 SO Bo Sy fee Wes ey: oe A 10.27) 55 4a Gee 
Corn “meal, * 2 Teh 1300. 9-41 2.Aa1Or8 S Asssh es, 1.3: 4,2 feo Ged 
Hay * > - - | 1325 8.8 | 10.9° | 3.7 |. 40.3 «| ST :te5 een 
Feces. 
Sheep B,_ - - - | 1307 8.7. | 15.2 14i2 1). 38.8 4). (24 eee 
Sheep D,_ - - - | 1308 8.5 | 14.2 | 3.7 | 41.7. | 22.9. 19, Olmpaen 














* For analysis calculated on water-free substance, see pp. 23-25 of this Report. 


TABLE 24. 
Weights of Food Eaten, and of Feces for Five Days, Bye Weights 
and Percentages of Nutrients Digested. 










































































Weight.| x. ee get Fat. |¢res batt: Fiber. | Asbielggenas 
Flaten age nae *Grams.| Grams. Gras. Grams. | Grams. | Grams. ‘nae 
Bran, - Sivecgay 97 31) | 2209 58 31 | 485 
Corn meal,).- - - | 1701 174 73 | 1201 22 20 | 1469 
| HS a ea - - - | 2268 247 84 QI4 705 118 | 1950 
Total, - - - | 4536 517 188 | 2414 785 169 | 3904 
feces 5 Heche 
Sheep B, ; =} .1770 7 °269 74. | 687) 427 |= 159 1e1467 
Sheep D, - - - | 1382 196 51 576 317 124 | I140 
Amounts Digested. 
Sheep ie - - | 2766 248 ir 421727 358 IO | 2447 
Sheep D, - - - | 3154 Rar 137 | 1838 468 45 | 2764 
Per Cent. Digested. G % % % % % 
Sheen Bb, - - - — 48.0 60:6.) 27 t, S ae G 5.9 | 62.7 
Sheep D, - - - — 62.1 72.9 |. 70.1>)\59.0'% 2606 ore 
Average, - 9 =. = f= 66. 1-66.83)" 78.8 4 52.6 ie eee 








* One pound contains 454 grams. 
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DIGESTION EXPERIMENTS WITH SHEEP, Ket 


DIGESTION EXPERIMENT NO. 2. 


Wheat bran, corn meal, linseed meal, oat and pea meal, and hay. 

Animals: asin Experiment No.1. Experiment began February 
5, 1894, and ended February 17, 1894. Feces collected for five 
days from February 12 at 3 Pp. M. to February 17 at3 p.m. The 
amounts fed daily were as follows: Wheat bran, 4 ounces; corn 
meal, 1 ounce; linseed meal, 3 ounces; oat and pea meal,8 ounces; 
hay, 1 pound. The experiment with both animals was apparently 
normal throughout. ‘Tables 25 and 26, which follow, give the 
details of. the experiment. 


AB Bee 
Composition of Feeding Stuffs and Feces. 















































KiInD OF MATERIAL. eer Water. ayer Fat. ae here Fiber. | Ash. Case 
Feeding Stuffs. % % % % % % % 
Tinseed:-mixture;* = | 1302. |) 10.57)"*30.1. £5.51 43.6 6.0 7s a of 
Wheat bran,* =D 04 8. Bo etheehe Meio R26 1.10.2 5.8 | 85.4 
Wate and peas,* ~~). 1303 1°. 11.5 1199320, 2.5) 52.1 6.6 Ae taal: Lae 
Hay,*. - - - | 1326 8.2 PMA sat ee COrk 5.0 | 86.8 

Feces. 
Sheep B, = - | 1309 7.6 TA: 4:2) 38. 2 WhetA ae he LOsgel Ons 
Sheep D, - SE Lato 7.4 16070 5 3.5 137168 1. 24:00) 10.8-1 ST. 3 




















* For analysis calculated to water-free substance, see pp. 23-25 of this Report. 


TABLE 26. 


Weights of Food Eaten, and of Feces for Five Days, and Weights 
and Percentages of Nutrients Digested. 







































































Weight. Rays Rate ieee por iber. WorAain Rees 
Eaten in 5 Days. *Grams. eee Grams, | Grams. | Grams. | Grams. | Grams. 
Linseed mixture, - - 567 171 oY 247 34 24 483 
Wheat bran, - - - 567 103 29 295 57 GSEs gad 
Oats and peas, - - | 1134 Dy 28 591 75 39 965 
Hay, - - - - | 2268 258 §2 ‘| 946) 683 113 | 1969 
Total, = - - | 4536 803 170 | 2079 849 209 | 3901 
Feces 5 Days. 
Sheep B, - - - | 1427 2r3 60 545 348 153 | 1166 
Sheep D, - - - | 1386 231 49 521 333 F507 1144 
Amounts Digested. 
Sheep B, - - - | 3109 590 TIO | 1534 501 56 | 2735 
sheep D, - - - | 3150 572 I2I | 1558 516 59 | 2767 
Per Cent. Digested. % % G G % % 
Sheep B, - - - — 73.5 OAe 721379) 8) | 50. 071-420, 8: | Ont 
Sheep D, - - - — F122 Ph. 2s 74.9, 00.8" |) 28.21 FO 
Average, ed ad - aad 723 67.9 74.3 59.9 9716 70.5 




















* One pound contains 454 grams. 
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112 STORRS AGRICULTURAL EXPERIMENT STATION. 


DIGESTION EXPERIMENT NO. ne 
Wheat bran, corn meal, linseed meal, oat and pea meal, and hay. 
The experiment was a duplicate of No. 2 with the animals and 
feed. The experiment began February 17, 1894, and ended 
March 1, 1894. Feces collected for five days from February 24. 
at 2:30 P.M. to March 1 at 2:30 p.m. The experiment was ap- 
parently normal throughout with both animals except that toward 
the close the feces of sheep B became quite soft, which may 
account for the larger weight of feces in the case of D and the 
consequent lower coefficient of digestion. Tables 27 and 28, 

which follow, give the details of the experiment. 


TABEB, 27; 
Composition of Feeding Stuffs and Feces. 















































Kinp oF MATERIAL. ke Water. nse Fat. oe Fiber. | Ash. Per 
Feeding Stuffs. % % % % % % % 
Imnsced mixture,” = 113990 a1 t. re) 22054 6a) Bestia gay 6.1 4.2 tsar 
Wheat bran,* 1338 Bo 7a). 16.0158 4 ae eee Oe 6.1 mesa 
Oats ane peas) TSAO 4 TIA | oe eNO Ree aia ve 3°30 Sens 
Hay,* - 2 Peace, Soh eed bel’ bro. 04 BO ngese reas 5.3 1 8602 

feces. 
Sheep B, - = Hep Stt 4.4°{ 15:2 | 4.0] 40.8" | 24057). 1 ree 
pheep.D, - - | 1312 6.5.) 1586 1.3.2 38.40 S59 oar eee 


























* For analysis calculated on water-free substance, see pp. 23-25 of this Report. 


pA Bt? Sia 
Weights of Food Eaten and of Feces for Five Days, and Wee: 


and Percentages of Nutrients Digested, 











Flaten in 5 Days. 








Linseed mixture, 
Wheat bran, - 
Oats and peas, 
Hay,s-- ? 


otal: * 


Feces § Days. 


Sheep B; - 
Sheep D, - 


Amounts Digested. 


Sheep B,. - 
Sheep D, - 


Per Cent. Digested, 


Sheep B, ~ 
piécep .D,).) & 
Average, - 


Weight. Nero 
*Grams. ae 
- 567 167 
SS Oy 94 
- | 1134 252 
ee 208 252 
- | 4536} 765 
7 £L4gQ 175 
- | 1402 217 
- | 3387 590 
aL ae 548 
G 
- oy aia 
- — TPA 
=| 74.4 

















Fat. 





Grams. 
31 
29 
28 
81 





169 


46 
45 


123 
124 


728 
73-4 
73.1 





Nit.- 
free Ext 





Grams. 
248 
302 
600 
889 





2039 


469 
538 


1570 
I'501 


% 
Pe 


18:3 








Fiber. 





Grams. 


631 

557 

% 
69.2 
61.1 
65,1 








Ash. 


Grams, 
24 
34 


oT 
120 








215 


127 
170 





88 

45 
% 

40.9 


20.9 
30.9 


Organic 
Matter. 





Grams. 
480 
483 
967 

1955 





3885, 


g7I 
1155 


2014 
2730 
fo 
75.0 
79.3 
72.7 





* One pound contains 454 grams. 
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‘DIGESTION EXPERIMENT NO. 4. 
Wheat bran, corn meal and hay. 
This experiment is a duplicate of No. 1 with the same animals 
and feed. ‘The experiment began March 3 and ended March 15, 
1894. Feces collected for five days from March to at g A. 


M. to March 15 at 9 a. mM. The experiment was apparently 
_ normal with both animals. 


Tables 29 and 30, which follow, give the details of the experi- 
ment. 
TABLE 20. 
Composition of Feeding Stuffs and Feces. 






























































Kanp oF MATERIAL. a Water. eee Fat. ae Fiber. | Ash. iL So 
Feeding Stuffs. % fo % % fo % % 
Corn meal, - - |. 1305 | 12.4 L0,0-4.4:3)% 70.3 Ta 1.2 | 86.4 
Wheat bran, - - | 1306 S37 16.8 | 5.2 | 54.1 9.4 5.8 | 85.5 
ig) Peehee - - | 1328 7.9 LISS See aT. bese 5.4 | 86.8 

feces. 
Sheep B, - 2 IeTSrs Souk 17,05) 4.0. 39107 2355 Q.2 S257 
Sheep D, - ee Disc R ied 8.4 D7,2)) 9.9 po3 yo ee anO Score B2e0 
TABLE 30. 


Weights of Food Eaten, and of Feces for Five Days, and Weights 
and Percentages of Nutrients Digested. 










































































Weight. scerns, Pate lee aaah Hibernate 
Eaten in 5 Days. Grams 4) Grams. Grams. | Grams. | Grams, | Grams. nam 
Corn meal, - - - | 1700 170 82 | 1195 22 20 | 1469 
Wheat bran, - - - 568 95 30 807 53 33 485 
Tay. <- < - - | 2268 254 79 939 696 122 | 1968 
Total, ee - - | 4536 519 Igl | 2441 | hy? 175 3022 
Feces for 5 Days. | } 
Sheep B, - - - | 1292 220 59 486 303 I1Ig | 1068 
Sheep D, Pat i 440) 248 el BRL eae 8 940 127 LES 
Amounts Digested. | 
Sheep B, - - ait O24 A 299 132 | 1955 468 56 | 2854 
Bree ee - | 3095 |. 27% 136. | 1897 | 425 48 | 2729 
Per Cent. Digested. % % % % % % 
Sheep B, - - -|; — 57.6 Goce GOs 16-00, 97 | 32.0.0, 77208 
Sheep D, 2 - - — 52.2 TiO ha eye ti Sasa) 27-4 t OG6 
Brecon = = = | — | 549° 1070.2 : 78.9 | 58.0.) 29.7 | 71.2 





* One pound contains 454 grams. 
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II4 STORRS AGRICULTURAL EXPERIMENT STATION. ~— 


_ DIGESTION EXPERIMENT NO. 5. 


Scarlet clover fodder, , 

Three animals, wethers, about one year old. Sheep, A, B and 
C were grade Shropshire dropped in the spring of 1893, and 
sheep B was grade Merino, also dropped in the spring of 1893. 
The experiment began May 26, 1894, and ended June 8, 1894. 
Feces collected for five days from June 3 at 8 a.m. to June 8 
at 8 a.m. A and B were each fed ten pounds daily of the green 
scarlet clover and sheep D was fed eight pounds daily. The 
clover was cut at three different times, namely, May 26, May 28 
and June 2. Each lot was sampled and analyzed by itself. At 
the time of taking the first sample, No. 1341, the clover was not 
quite in full bloom. Later, May 28, when sample 1342 was taken, 
the clover was in full bloom, and June 2, when the third sample 
was taken, the clover was a little past full bloom, the lower half 
of heads beginning to form the seed. The average of the last 
two cuttings, samples 1342 and 1343, were assumed to represent 
the average composition of the teed when used. The experiment 
with all three of the sheep was apparently normal throughout. 

Tables 31 and 32, which follow, give the details of the experi- 
ment. 


LABLE 21, 
Composition of Feeding Stuffs and Feces. 
























































Kinp oF MaTERIAL. Ts SE Water. Red iS Fat. | bat or Fiber. | Ash. rele: 
Feeding Stuff. to i fo % % a & 
Scarlet Clover,* Fed 
Green. 
Sample 1, -  \ TSdr e873 yap Sil foes © 5.0 ee) 1,3 een 
Sample 2, ‘ =) £342 1 -83%9 BF sete 5 Pode ener 14 rae 
Sample 3, - itl SAS Ari Aca PARE MEL), 6.2 4:2 1.6 | 14.0 
Avg. of 1342 & 1343, | — — 2.8) if). 66 “4:8 ees 
Feces, : oa tt 
Sheep A, - - | 1344 vat 11.6 | 4:1) 30,0 |" 35.2 | S120 ee 
Sheep B, : - | 1345 en 11:6..|-4.8'] -30.61:|. 39.4 4 9283 cere 
Sheep D, - - | 1346 9.0 | I1:4 | 3.9] 30.0.1 33.7 >) 315.4 





* For Analysis calculated on water-free substance, see pp. 23-25 of this Report. 
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TABLE 32. 


Weg his of Food fraten, and of Feces for Five Days, and Weights 
and Percentages of Nutrients Digested. 





















































Weight.|N veins.) Fat. Poe ihe Pash: | are 
Eaten in.5 Pays Grams *| Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
Sheep A, - - | 22680) 635 159 | 1497 975.}| 340 | 3266 
Sheep B, - - ~ | 226801 635 159 | 1497 975 340°) 13266 
Sheep D, - - - |18140| 508 TAT P LO? 780 272 12012 
Feces for 5 ae 
Sheep A, - SO erS73 1 OAS ao we 382 hie 4as | «2597 1630 
Sheep B, - - sche h 220 | 143 59 370) 410 150 | 988 
Sheep D, at =) - | ror4| 116 aq he 410 aa2-1 .TrO. Bor 
Amounts Digested. | | 
sheep A, - - =ij| 2TAG7) 487 LOFT LES 527 187 | 2236 
Sheep B, - = “hE A GE trodes is LOO" ETS E 565 190 | 2278 
Sheep D, : - “PL 7E200 > 302 88 887 438 156 | 1805 
Per Cent. Digested. % G VA % q % 
Sheep A, - : - — yore O79 etalk Sheer eee Oni the, 5 
Sheep B, eee? we ee NT Ve OD Oe uza. Oy iS 7-Spesh a | e005 
Sheep D; - : . - vis a GO Fe T4eTolesOre eared. OOsk 
Average, - Pee Renee (eke 1h OO SOP pL s,0- WeOGse i OL LAINOU sh 








-* One pound contains 454 grams. 


DIGESTION EXPERIMENT NO. 6. 

Barley fodder. 

iwovanimals, A and D of experiment No. 5. Experiment 
began October 6, 1894, and ended October 18, 1894. Feces 
collected for five days from October 13 at noon to October 18 at 
noon. Each sheep was fed six pounds per day of the barley fod- 
der. The barley was cut for feeding and samples were taken at 
four different times, namely, October 8, 11, 13, 15. At the time 
of taking the first sample, No. 1370, the barley was nearly grown 
and in full bloom. Whenthe second sample was taken the barley 
was in bloom and beginning to seed. When the third sample, 
No. 1374, was taken, the barley was in early seeding and at the 
time of the last cutting it was still succulent. It was thought 
that it would be more nearly correct to use the average of the 
analyses of the second and third cuttings for the purpose of the 
experiment. With both animals the experiment was apparently — 
normal throughout, except sheep A did not eat reg all the fodder 
which was fed. 

Tables 33 and 34, which follow, give the SCHEME of the expert- 
tient. 


116 STORRS AGRICULTURAL EXPERIMENT STATION, 


DABLED 3: 
Composition of Leeding Stuffs and Feces. 











Lab’ ty Protein. Nit.- Organic 





























Kinp OF MATERIAL. No. | Water. IN. >¢6.25.| Fat: |free Ext| Fiber. | Ash. | Matter, 
feeding Stuff. fo fo % ho ho he & 
Barley Fodder,* Fed 
Green. 
Sample 1, - TMT S7O. 4 Ber Peel ane Mle le Pye) 5.8 Lio. eae 
Sample 2, - = S72 ea 2.65.) GaO 9.1 7 2.000 ante 
Sample 3, - MEBs ac arl Glin ents So7 el eLOes 6.4 Se. eee ies 
Sample 4, - = 11370 1575.3 US's Manele 6.5 1S hee 
Avg. of 1372 & 1374,| — pe 8.6.) -.91 O71 > 7.00) sea aaa 
Feces. 
Sheep A, - - | 1383 6.8 II.2 "| 3.5:|°30.4 19 36;7 153 oe 
Sheep B, - - | 1384 O,2 13.7 4-4 ).°30;0 |e Oba tee 





Pe ane 





Uneaten Residue. 


Sheep A, - - | 1409 8.2 16.5 4.3 80.4" 33.0 7,04, OA.Os 














* For analysis calculated on water-free substance, see pp. 23-25 of this Report. 


TABLE 34. 
Weights of Food Eaten, and of Feces for Five Days, and Weights 
and Percentages of Nutrients Digested. 












































Weight. Noeaae rat, |p Nv | iber, | Abi pate geae 
Eaten in 5 Days. Grams * Steen | Grams. | Grams. | Grams. | Grams. | Grams. 
Sheep B, - - 253610 490 132°.|- 1320 953 299 | 2885 
Sheep A, fed, - - - | 13463. 4606 116 | 1262 g18 288.1. 2762.0 
Uneaten Residue. ‘| 
Sheep A, - - ~ 147 aS 6 58 35 is 123 
feces for 5 Days. 2: . 
sheep Ay = or os | 1275 | 143. | 451 887 406 ae ee 
SHEED He hA te - =~ |" 1 @22 140 45 313 347 113 845 
Amounts Digested. | 
Sheep A, - - - | 12188 223 71 875 450 143 | 1719 
Sheep B, - - - | 12588 350 77 |. 1007 606 186 | 2040 
Per Cent, Digested. % % G % q G 
Sheep A, Site - — 69.3. | 61.2 | 69.3 | 40.05) > 4G,75lenaaee 
Sheep B, - = > — 71.4 |.603.1*4 76.3 | 63,0 G2 2aresre 








OE TSS eta ar ne ON rey 70.4 | 62.2.) 72.8 | 66.3) 66,9cis56c5 


a 











* One pound contains 454 grams. 


DIGESTION EXPERIMENT NO, 7. 
Barley and pea fodder. | 
Tables 35 and 36, which follow, give the details of the experi- 
ment. ‘The description of the experiment follows the tables. 
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117 
TABLE 35. 
Composition of Feeding Stuffs and Feces. 
Kinp oF MATERIAL. ree Water. pieeea Fat. Ae | Fiber. | Ash. Organic 
Feeding Stuffs. ho he he ho fo ho | fo 
Barley & Pea Fodder ,* / 
fed Green. | 
Sample 1, - — t= 1369 } 81.8 | * 3.8 8 Pe 4.7 1:6) 4. 10-6 
Sample 2, - SWB as 2 oe Remi geste obs Bese Oy i Ae i eo ToS ered 
Sample 3, - 2oP 2373 .°70.6 4.2 | 1.0} 8.6] 4.9 9 dd Oo ay 
Sample 4, 1375 | 79-9 3.9 carlos Gael 562 1.6 | 18.5 
Average of 1371 and | | 
1 9S Fe Me 2 Te aps | 4.0 9 | 8.3 5.0 137 | 18.2 
Feces. | | 
Sheep C, - SePUE SOS tte Oc th tO. Tay | Aree a0 a Wass 9.4 | 84.5 
Sheep D, - - | 1386 6.5 | 1.6" AS 37.1. Pi 2O ore oeod 
Uneaten Residue. | | | | 
Sheep D, - - | 1417 G55) 19-9, 7,202 1230.4 eee ie 6820-) 64,0 
| | 











* For analysis calculated on water-free substance, see pp. 23-25 of this Report. 


ABLE SO? 
Weghts of Food Laten, and of Feces for Five Days, and Weights 
and Percentages of Nutrients Digested. 








Weight. aes | Fat. 
Eaten in 5 Ee Grams * ‘ Coast Grams. 
Sheep C, - - | 13610 544 122 
Sheep D, fed, - - | 13136 488 112 
Uneaten Residue. 
Sheep D, - - - 474 56 10 
Feces for 5 es: 
Sheep C, - - | 1022 103 43 
Sheep D, - - - | 1130 131 51 
Amounts Digested. | | 
Sheep C, - - - | 12588 441-4) Pee 
Sheep D, - - - | 12006 357 | O61 
Per Cent. Digested. SE eee 
Sheep C, = - - — 81.1 | 64.8 
Sheep D, - - = NP cee 73.2 | 54.5 
Average, - - -| — 17.2 | 99.7 























* One pound contains 454 grams. 


Two animals, B and C, of digestion experiment No. 5.° 





Nit.= 


free Ext! 





Grams. | 


1130 
948 


182 


373 
419 








Fiber. 





Grams. 


681 | 
529 | 


152. | 


345 


ae 


336 

199 

fo 
49.3 
37.0 
43, 5 : 














een nvr: 
Grams. | Grams, 
230 | 2477 
189 | 2077 
42 400 

96 864 
125 931 
135 | 1613 
64 | 1146 

pe & 

58.4 | 65.1 
33-9 | 55.2 
46.2 60.2 
Ex- 


periment began October 6, 1894, and ended October 18, 1894. 
Feces collected for five days from October 13, noon, to October 


18, noon. 
fodder. 


Each sheep was fed daily six pounds of the green 
The fodder was cut at four different times, October 8, 


I18 STORRS AGRICULTURAL EXPERIMENT STATION. 


11,13 and15. At the time of the first cutting, sample 1369, the 
barley was nearly grown and in early bloom; the peas were 
beginning to bloom. ‘At the time of the second cutting, sample 
1371, the barley was nearly grown, in bloom and beginning to 
seed. The peas had blossoms. At the time of the third cutting, 
sample 1373, the barley was in early seeding and the peas in full 
bloom; and at the time of the last cutting, sample 1375, the bar- 
ley was in early seeding and still succulent, peas mostly still 
green and in bloom. The average of the analyses of the second 
and third cuttings were assumed to represent the composition of 
the food experimented upon. With both animals the experiment 
Was apparently normal throughout, except that sheep D did not 
eat up all of the fodder which was given it. 


DIGESTION EXPERIMENT NO. 8. 


Rowen hay from mixed grasses. 

Four animals, wethers, the same as used in experiments 5, 6, 
and 7. Experiment began November 16 and ended November 28, 
1894. Feces of C and D were collected for four and one-half 
days, from November 24 at 6 a. M. to November 28 at 4:30 P. M. 
The feces of sheep C and D were collected for five days, from 
November 23 at 4:30 Pp. M. to November 28 at 4:30 P.M. Each 
animal was fed two pounds of the rowen daily. The rowen was 
from mixed grasses, chiefly Kentucky blue grass and a little 
orchard grass and meadow fescue. It was grown by the Station 
in 1894 and harvested about September 25. With all four sheep 
the experiment was apparently normal throughout. 

Tables 37 and 38, which follow, give the details of the experi- 
ment. 






































DABLE WY. 
Composition of Feeding Stuffs and Feces. 

KIND OF MATERIAL. eros Water. neces Fat. ee Fiber. | Ash. re eas 

Feeding Stuff. ee % % % % fo fo 
Rowen hay,* from 

mixed grasses, - | 1400 14.8 14.6 | 475). 35.6 240m 6.4 1978.8 

Feces. 

Sheep A, : - | 1395 5.6 pe ie Mer pas ace oo A?) Niner Lu: | 9.4 | 84.9 
Sheep B, - - | 1396 6:2 13.9 1.7.45, 38.6.0 24: 4 SOie oe 
Sheep C, - - | 1397 5.9 13.0 17.44) 4 0e3 A Ba 8.6 | 85.5 
Sheep D, - -/ 1398 | 5-9] 1477-9] 37-4 | 24.4) 9,7 | 84.4 























* For analysis calculated on water-free substance, see pp. 23-25 of this Report. . 








DIGESTION EXPERIMENTS WITH SHEEP. II9Q 


Tee 38. 
Weights of Food Eaten, and of Feces for Five Days, and Weights 
and Percentages of Nutrients Digested. 








: Protein. INGA) ae Organic 
Weight. N. X 6.25. Fats ltree Wael: Sibert: ) Sh. ae 





Leaten in 4% wee |Grams * Grams. | Grams. | Grams. | Grams. | Grams. | | Grams. 
Sheep A, - - | 4080 | 506 184 | 1452 | 983 | 261 | 3215 
Sheep B, Stee + | 4080 | £6 184 | 1452 | 983 | 261 | 3215 


























Laten in 5 epee 























Sheep C, a 4535 | 661 204 | 1613 | 1092 | 290 | 3570 
Sheep D, - - - | 4535 | 661 204 | 1613 | 1092 | 290 | 3570 
Feces for 4% go | | 
Sheep A, - =}. 1260 178 gI 469 | 332 118 | 1070 
pee =. > - 1 1393! 193] f03 |}, 538 | 340:)P 532") 1174 
Feces for 5 eg | 
Sheep C, = 2505S OO 197 Dot 604 | 370 129 | 1282 
ere) =, 2 | 1424 |. 209° | 113. |. 535-eaa7. | 198 | 1202 
Amounts Digested. | 
Sheep A, y - - | 2820 | 418 93 | 983 | 651 | 143 | 2145 
Sheep B, > - | 2687 403 SI g14 | 643 129 | 2041 
Sheep C, : : - | 3035 464 Q3PTOOG |) 722 T61 | 2288 
Sheep D, : - - | 3111 452 Ol) Oso 745 152 | 2368 
Per Cent. Digested. % % ae ae 4 % % 
Sheep A, 2 ‘ -! oe 40.1 BO. Sul OF; Foe GOcs Cee AL aes 7 
Sheep B, - - -| — 67.6 Ad:0' 1) 62.01 OR LEN AOr Arie Os. 5 
Sheep C, - - -| — pepe 45.6: ) 69.0 106.5 p2hs. 5) 164. F 
Sheep D, - - -| — 68.4 44-0 > OF Ol 68:20 52.4. |e 00g 
Poesy | 6 | 69.1 46.2 | 66.1 | 66.57) 53.0) ° 665.2 








* One pound contains 454 grams. 


DIGESTION EXPERIMENT NO. Q. 


Rowen hay, mostly timothy. 

The same animals were used as in experiments 5 to 8. The 
experiment was begun December 3, 1894, and ended December 
pomeroo4a. veces were collected for five_days, from December 
fouat)s P, M.-to December 15 at 5 Pp. M. Each sheep received 
daily two pounds of the rowen. ‘The rowen consisted chiefly of 
timothy with a little barn grass. With all four sheep the experi- 
ment was apparently normal throughout, except that sheep D 
left some uneaten portions of that which was fed to it. Tables 
39 and 40, which follow, give the details of the experiment. 


120 STORRS AGRICULTURAL EXPERIMENT STATION. 


























TABLE 309. 
Composition of Feeding Stuffs and Feces. 

KIND OF MATERIAL. ee Water. Ate Fat. ates Fiber. Ash. Mohr 

feeding Stuff. % % % |: & % q % 
Rowen hay,* mostly 

timothy, - SE L309 | 10.6 13:27) 453°) 32r5 wired 6.6 | 94.8 

Feces. j 

mheep A, - - | 1401 8.0 13.8 |6.5 |> 35.1 1.26.67) 1Q:0 "io eee 
Sheep B, - - | 1402 7.0 £2.58 430: 91-30. 4a ceo 5.2 [° 89.8 
Sheep C, - - | 1403 7.8 12.9.| 6.8.17 36:5 45 2625 9:5 >|. B27 
Sheep D, - - | 1404 8.0 I4:I |:7.3.). 37.2 1-27.04 ass ees 

Uneaten Residue. : 
Sueep_D, - - | I41I0 6.4 10.4 | 2.6} 48.0°|. 25.07) 7 OR aeons 

















* For analysis calculated on water-free substance, see pp. 23-25 of this Report. 


TABLE 4O, 
Weights of Food Eaten, and of Feces for Five Days, and Weights 
and Percentages of Nutrients Digested. 





| 





















































Weight. | Rilo x Fat. | Neo Fiber. | Ash. Crees 

Pay teas in 5 ee. Grams * Cherie Grams. | Grains. Game ‘sae CS, 
Sheep A, - - | 4535 | 598 | 195 | 1474 | 1125 | 299 | 3392 
Sheep B, - 7 + | 4535} 598) 195 | 1474 | 1125 | 296 3302 
Sheep C, = oe 1 45354. 508 1 18 1474.) Tren) sieges 
Sheep D, fed, - Sb 42165) SOS WIS 7s or Sort ose 275 (aes 

Uneaten Residue, | 
Sheep D, - - 153194 33 8 | 153 80 24) 29a 

feces for 5 ae. | 
Sheep A, - - | 1473 203 96 517 392 147 | 1208 
Sheep B, - - - | 1467 183 IOI 577 427 76 | 1288 
Sheep C - - - | 1474 190 100 538 391 140 | 1219 
Sheep D, - - ESTO Pare 93 472 278 146 | 1022 

Amounts Digested. 
BHCED A Sg 2. 4 Pepa ay OOS 395 | 99] 957 | 733 | 152 | 2184 
sheep B, - - - | 3068 415 04 897 698 223 | 2104 
sueep C2 =i. i= a4! B061 408 95 | 936] 734 | 159 | 2173 
Sheep D, - - - | 2946 386 | 94 849 767 129 | 2096 

Per Cent, Digested. % % % % % % 

sheep A; - - - a 66.1 | 50.8 | 64.9 | 65.2 | 50.8 | 64.4 
Sheep B, =- - -| — 69.4°| 48.2.) 60.9 |-62.0 |) 74.65 Gare 
muecep.C, - : -| — 68.2.) 48.7: |-63.5. | 6552.4) 53 20h oaer 
Sheep D, - : 3 — 68.3. 7-50.30) 0433 3.4 1 46:0 GeO ya 


7 
68.0 49.5 | 68.4) 66.5 | 56.4 64.4 


Average, 





* One pound contains 454 grams. 


DIGESTION EXPERIMENT NO. Io. 
Scarlet clover hay, field cured. 
The animals were the same as in experiments 5 to 9. The 
experiment began December 26, 1894, and ended January 7, 1895. 








DIGESTION EXPERIMENTS WITH SHEEP. I2I 


Feces were collected for five days from January 2, 5 P. M., to 
January 7,5 p.m. Each sheep was fed daily one and one-half 
pounds of the rowen. The scarlet clover hay was cut June 4, 
1894, and dried in cocks. At time of cutting it was a little past 
full bloom, many of the heads beginning to seed at the base. 
The experiment was apparently normal with all four animals. 
They all ate up the feed completely and seemed to be hungry. 
Tables 41 and 42, which follow, give the details of the experiment. 


aABLE ATs 
Composition of Feeding Stuffs and Feces. 


f ——— — x = LSS as = noes ae Bobet 





















































Kinp OF MA‘rERIAL. a tee Water. ae Fat. oS. Fiber. | Ash. tiers 
Feeding Stuff. g ME Seis beter cu ree Rey NE 
eataeeiover shay, | 1418 | 13.9 | 14:1 | 1.8) 31.6 jegx.3 yee ody hot! 
Feces. : | 
Sheep A, - - | 1419 RAs  LO.R ot Soke 200g bean 8.7.1" 85.9 
Sheep B, - - | 1420 6.9 TOD 3) 2a ie Oi 42 oO, Oona oak 
Sheep C, - - | 1421 6.3 LOM) 23. 8240 301 2 eas 
Sheep D, - - | 1422 5.5 LESEs | 20a 4 oa ren ped cas 8.9 | 85.6 








' * For analysis calculated on water-free substance, see pp. 23-25 of this Report. 


‘TABLE 42. 
Weights of Food Eaten, and of Feces for Five Days, and Weights 
EEA ee of Nutrients Digested. 





















































Weight. eon Fat. eae Fiber. | Ash. ehearces 
Eaten Gia eh lGrams* Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
Sheep A, - | 3300 427 55 958 948 221k. 2388 
sheep B, - - - | 3300 427 55 958 948 Z2E Ae2eB8o 
Sheep C. - - - | 3300 427 55 958 948 2210123950 
Sheep D, - - ~ | 3300 A427 55 958 948 221A, 2an8 
feces for Five aK. 
sheep A; - - | 1469 154 Sy 436 641 F238) 1202 
Sheep B, - * - | 1455 154 31 4ol 623 145 | 1209 
Poeee wearers 6 <4) 1433 149 33) 459) 570°) 132 | T2101 
pneen .b); 2 = Eee SG I51 29 422 561 122° |.°T163 
Amounts Digested. 
Sheep A, . : Sahelo ot 273 SA. |e R290 1 30" 93 | 1126 
Sheep B, - - - | 1845 273 24 | 557 | 325 79° EE79 
Sheep C, : ss =7} E807 278 oo 499 S78.) SOc; 1177 
Sheep D, - - - | 1941 276 26 536 387 100 | 1225 
Per Cent. Digested. % % % % % % 
Sheep A, - - : — OF, Quiet sabe asa Sd S264 | OAS | Ape 
Se fil eS ee i lo 63.9 | 43.6 | 58.1 | 34.3 | 34.4 | 49.4 
Sheep C, - - -| — GRe Ear 4O. 0. ees 2.5 to 30.9)" 40.381) aor 
Seco Ds. - 2 — OA eee a5 5.0") 40.0) 45e3 ose 
Average, - - - oe 66.4 | 43,6 | 65.2) 36.9) 40.5 | 495 








* One pound contains 454 grams. 
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TABLE 43. 
Summary of Results of Digestion Experiments with Sheep H ere- 
with Reported Upon—Percentages of Total Nutrients 
of Food Actually Digested. iy 
































| 
J =Ogs % 
os 3 : 
|4g a. a & Bas = = 3 
em \O fn) 
Kinp oF Foon. “5 3 2 a oS os a ai 
oO ox toy =, n th a 
peeee™ a rs om on a < Last 
ees a 5a o) 
| = 
iS 8 % 
ee Eide ss ete 1S nat ay oe 
| | 2 | & % % % % 


Wheat bran 4 oz., corn meal } | ( 


12 0z., and hay t lb. The | » | 48.0 60.6 | 71.5 | 45.6] 5.9 | 62.7 


B 
wide ration of sheep feeding } | D, 62.1 | 72.9 | 76.1 | 59.6 | 26.6 | 70.8 


BH 


} 
14 |B -6 | 69.1 | 80.1 | 6 3 8 
AOE 9.1 | 80.1 | 60.7 | 32.0 | 72. 
Rees pp. 92-106, Saat [ | D, | 52.2 | 71.2 | 77-7 | 55-2 | 27-4.) 006 
Avg. 2 experiments and 4 tests, — | — | 65.0; 68.5 | 76.4 | 55.3 | 23.0 | 69.0 
Wheat bran 4 0z., corn meal ) | | : 
I oz., linseed edt 3 0z.,0at | | (2 | B, | 73-5 | 6427 | 7338) 50-0 | 26egers 
ae pea meal 8 oz., hay 1 | B 2 |) D, | 71.2 |-71.2:)| 74.91 00.8) SB aes 
The ie ration of an 3.|_B, | 77:1 | 72.8 | 77.0 | 69.2.1 Aesg eyes 
aa feeding experiment, | | L3 | D, | 71.6 | 73.4 | 73.6 | 61.1 | 20.9 | 70.3 


pp. 92-106, this Report. | Nas 
Avg. 2 experiments and 4 tests, 78.4 70.5 | 74.8 | 62.5 | 29.2 | 71.6 








1(5 | A, | 76.7 | 67.3 | 74.5] 54.1 | 55.0 | 68.5 

lover fodder, fed) 
Ss Sa ei eae ed })43 B, | 77.5 | 62.9 | 74-9 | 57-9 | 55-9 | 69.8 
: 1 (5 | D, | 77.2 | 69.3 | 74.1 | 56.2 | 57.4 | 69.1 


(77.1 | 66.5 | 74.5 | 56.1 | 56.1 | 69.1 


Avg. I experiment and 3 tests, 




















(| 10 *, Soy: ae 54-5 32.4 | 42.1 | 47.2 
_ _J | to | B, | 63.9 | 43.6 | 58.1 | 34.3 | 34.4 | 49-4 
Scarlet clover hay, 1 | 10 he | 65.1 | 40.0 | 52.1 | 39.9 | 40.3 | 49.3 
(| 10 | D, | 64.6 | 47.3 | 55.9 | 40.8 | 45.3 | 51.3 
Avg. I experiment and 4 tests, | — | — | 69.4 | 48.6 | 55.2 | 36.9 | 40.5 | 49.3 
| 6] A, | 69.3 | 61.2 | 69.3 | 49.0 | 49.7 | 62.2 
Barley fodder, fed green, = 1 6 | B, | 71.4 | 63.1 | 76.3 | 63.6 | 62.2 | 70.7 
Avg. I experiment and 2 tests, | — | — | 70.4 | 62.2 | 72.8 | 56.3 | 55.9 | 56.5 
/ 

F _f| 7 | C, | 81.1 | 64.8 | 67.0 | 49.3 | 58.4 | 65.1 
eae oe ues odder. (| 7 | D, | 73.2 | 54.5 | 55.8 | 37.6 | 33.9 | 55.2 
Avg. I experiment and 2 tests, | — | — | 77.2 | 59.7 | 61.4 | 48.5 | 46.2 | 60,2 
(8 | A, | 70.1 | 50.5 | 67.7 | 66.2 | 54.8 | 66.7 
Rowen hay, mixed grasses, } 8 | B, | 67.6 | 44.0 62.9 | 65.4 | 49.4 | 63.5 
chiefly Kentucky blue grass, 4 8 | C, | 70.2 | 45.6 | 62.6 | 66.1 | 55.5 | 64.1 

‘ | D, | 68.4 | 44.6 | 67.0 | 68.2 | 52.4 | 66.3 
Avg. I experiment and 4 tests, | — | — | 69.1 | 46.2 | 65.1 | 66.5 | 58.0 | 65. 2 
9 | =: 66.1 | 50.8 | 64.9 | 65.2 | 50.8 | 64.4 
; 9 , | 69.4 | 48.2 | 60.9 | 62.0 | 74.6 | 62.0 
Rowen hay, mostly timothy, + Me hice | 68.2 | 48.7 | 63.5 | 65.2 | 53.2 | 64.1 
9 | D, | 68.3 | 50.3 | 64.3 | 73.4 | 46.9 | 67.2 
Avg. I experiment and 4 tests, | — | — | 68.0 | 49.5 | 68.4 | 66.5 | 56.4 | 64.4 








t 
5 - a. 
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FUEL VALUES OF DIGESTED NUTRIENTS IN 
EXPERIMENTS IN SHEEP. 


BY W. O. ATWATER AND CHAS. D. WOODS. 


— — 49 ——— 


In connection with the digestion experiments with sheep de- 
scribed in the preceding paper (pp. 107-122), the heats of combus- 
tion of the feeding stuffs and feces were determined by use of 
the bomb calorimeter, with the purpose of getting light upon the 
potential energy or fuel value of the digested material.* 

The problem is, however, not as simple as these brief state- 
ments imply. Indeed it is extremely complex, but for the 
present purpose it will suffice to say that while most of the uncon- 


sumed material of the food leaves the body in the undigested 


food residue of the feces, a small portion escapes in urea and 
other substances of the urine. ‘These last substances come from 
the digested material of the food; they are digested material 
which has not been completely consumed, and they contain poten- 
tial energy. If, therefore, we are to find how much of the 
potential energy of the food has been set free in the body we 
must subtract from the total energy of the food, the sum of the 
amounts excreted in both feces and urine. The remainder is 
taken as the measure of the actual fuel value of the food. 

Food has two chief uses. The first is to build up the materials 
of the body and repair their wastes, the second is to yield energy 
in the form of heat to keep it warm and strength for its work. 
The nutritive ingredients or nutrients of the food make blood 
and muscle, bone and milk and other tissues and fluids of the 
body and replace them as they are used up. But only the por- 
tions which are actually digested serve these purposes. Hence 
to learn the nutritive value of food we endeavor to find how 
much of each of its nutrients is digested and thus made useful 
for building and repair. To do this we learn how much of 





* The bomb calorimeter is described in a succeeding article, page 135. Brief explanations of 
potential energy and fuel values are given on pages 43 and 44. 
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nutrients was contained in the food eaten and how much was 
left in the undigested residue. The difference is taken as the 
measure of the amount digested. In the same way, it is the 
potential energy of the digested material which is made available 
to the body in the forms of heat and muscular power. The 
energy of the undigested material is lost to the body. To 
learn how much of the energy of the food is available we must 
find how much potential energy was contained in the food eaten 
and how much is left in the residues not used in the body. 
The difference will be the amount set free and made available 
for fuel. 

The potential energy of the food and the unconsumed residues 
is learned by burning the materials in the calorimeter and meas- 
uring the heat produced. This method has been followed in 
connection with the digestion experiments referred to. 

The experiments here described are, so far as the writers know, 
the first attempt in this direction.* The results are far from 
being all that could be desired. We have not yet found a per- 
fectly satisfactory method for determination of the heat of 
combustion of the solid matters of the urine, though we hope 
for better success in due time. A number of collateral sub- 
jects call for study, some of which are already entered upon. 
The purpose here is simply to report some of the first results 
obtained. 

The much needed study of the general subject requires the 
taking into account of the total income and outgo of the body as 
expressed in terms of matter and of energy. This is the pur- 
pose of the respiration calorimeter which is now being elaborated 
by codperation of the Station in the chemical laboratory of 
Wesleyan University, to which reference was made in the last 
Annual Report of this Station.+ 

The purpose of the present article is to record some of the 


observations already made. An explanation of the way in which | 


the principal data are obtained is given with the details of the 
latter in the case of experiment No. 1. For the other experi- 
ments only the data arecited. The results of all the experiments 
are summarized in table 44. 





* Prof. H. P. Armsby, of the Pennsylvania Experiment Station, has conducted a series of 
feeding experiments in which the heats of combustion of food and residues were determined by 
one of us with the calorimeter used in the experiments here described, but the results are not 
yet published. 


+ Report for 1893, page 16. 
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DIGESTION EXPERIMENT NO. I. 
(See page 109, this Report.) 
Bran, corn meal and hay. 

In this experiment three different feeding stuffs were employed. The compo- 
sition of each was determined by analyses. Their fuel values were determined 
by combustion in the bomb calorimeter, and were also calculated from the chem- 
ical composition. The methods employed for calculating from chemical compo- 
sition are those explained in the Report of this Station for 1890, pages 174-181, 
and are also referred to on page 43 of this Report. The fuel values as obtained 
in the two ways were somewhat different, as appears from the following figures: 


fuel Values—Calories per Gram of Water-free Substance. 

















Laboratory | As Calculated from | As Determined by 

No. Analysis. Bomb Calorimeter. 
Bran, e : - - 1301 4.430 4.585 
Corn meal, = - - 1300 4.4600 4.520 
Hay, ee er 1325 4.245 4.515 











The fuel value of the total food eaten in five days was obtained by multiplying 
the number of grams of food by the fuel value per gram as determined by the 
bomb calorimeter. 


Fuel Value of Total Food Eaten in 5 Days, as Determined by Bomb Calorimeter. 


Fuel value of bran, 2 - = - - - 2,360 Calories. 
Fuel value of corn meal, = = = - . 6,725 Calories. 
Fuel value of hay, - - - - - - - 9,345 Calories. 

Total fuel value of food eaten, - = : - 18,430 Calories. 


The feces were burned in the bomb calorimeter. Multiplying the number of 
grams by the fuel value of one gram gives the figures which follow: 


Sheep B, - - - - - - - - 7,600 Calories. 
Sheep D, - - - - - - - ~ 5,920 Calories. 


When protein is burned in the calorimeter it is completely oxidized, the carbon 
being burned to carbon dioxide and the hydrogen to water. The nitrogen is 
left uncombined. When protein is consumed in the body the oxidation is not 
complete. The nitrogen is left in urea, uric acid and other allied compounds, 
all of which contain carbon and hydrogen, together with some oxygen. In 
estimating the actual fuel value of the digested ingredients which an animal can 
utilize, allowance must be made for these unconsumed residual products, which 
are excreted by the kidneys. Urea is usually the most abundant of these 
excretory products, and it is here assumed that all of the nitrogen of the digested 
protein is excreted as urea. The fuel value of urea as determined by Stohmann 
and Berthelot is 2.53 Calories per gram.* } 

The method used in the calculations here has been as follows: Urea 
(CONz2 H,) contains 46.67 per cent. of nitrogen. Hence nitrogen multiplied by 
the factor 2.143 equals urea. ‘The protein as here estimated is the nitrogen 





* See Bulletin No. 21 of the Office of Experiment Stations, U.S. Department of Agriculture, 
on Methods and Results of Investigations of the Chemistry and Economy of Food, for a more 
detailed discussion of the subject. 
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multiplied by 6.25. Hence dividing the protein by 6.25 and multiplying the 
quotient by 2.143 gives the equivalent urea. Assuming that all of the digested 
protein is excreted as urea, the number of grams of urea multiplied by 2.53, the 
fuel value of one gram of urea, gives the total fuel value of the urea equivalent to 
the digested protein. But (protein divided by 6.25) X 2.143 X 2.53 =protein X 
.87. This last expression, protein X .87, therefore, represents the fuel value of 
the urea equivalent to the digestible protein. The fuel values of urea equivalent 
to the protein in this experiment and the total unused fuel value (the sum of the 
fuel values of the feces and of the urea equivalent to the protein) are as follows: 


fuel Values of Urea Equivalent to Digested Protein. 


Sheep B, - - - - - - - - - 215 Calories. 
Sheep D, - - - - - - - - - 280 Calories. 
Total Unused Fuel Value (Feces Plus Urea Equivalent), 
sheep Bree ~ - - - - - - - 7,815 Calories. 
Sheep J, - = - - - ~ i = - 6,200 Calories. 


The available fuel value of the digested nutrients is the difference between the 
fuel value of the total food eaten and the total unused fuel value. Omitting 
details of calculations the results follow. With these results are given for the 
sake of comparison those obtained by taking the grams of nutrients digested as 
stated on page 110, and multiplying the protein by 5.5, the meme by 4.1 
and the fats by 9.3 Calories. 


Available Fuel Value of Digested Nutrients. 











| 
| As Galeaiuved from | As Determined by 

















Analysis. Bomb Calorimeter, 
SHEED br. = = - - - as 10,625 Calories. | 10,615 Calories. 
BREED. I), oo. = - - < - 12,050 Calories. | 12,230 Calories. 





Dividing the fuel value of the digested nutrients by the fuel value of the food 
eaten gives the per cent.-of total fuel value which thus becomes available. 
These percentages follow. With them are the percentages of digestible protein, 
taken from the Report of this experiment on page IIo. 


Digested Protein and Available Fuel Value of Food Eaten. 
Sheep B, 48.0 per cent. of total protein and 57.6 per cent. of total fuel value. 
Sheep D, 62.1 per cent. of total protein and 66.4 per cent. of total fuel value. 


DIGESTION EXPERIMENT NO. 2. 
(See page 111, this Report.) 
Wheat bran, corn meal, linseed meal, oat and pea meal, and hay. 
Calories per Gram of Water-free Substance. 











Laboratory As Calculated from | As Determined by 





O. Analysis. Bomb Caloriinere 
Wheat bran, - - - 1304, 4.405 4.585 
Linseed meal, - : - 1302 4.690 4.735 


Oat and pea meal, | 1303. | 4.470 4.530 
Hay, - s - < 1426 4.255 | 4.505 
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Fuel Value of Total Food Eaten in 5 Days, as Determined by Bomb Calorimeter. 





Fuel value of bran,  - : 2 - : - - - 2,370 Calories. 
Fuel value of linseed meal and corn meal, - = - - 2,465 Calories. 
Fuel value of oat and pea meal, - - - - =. 4,540 Calories. 
Fuel value of hay, : 2 c 2 - - 9,375 Calories. 
| Total fuel value of food eaten, - . - - - - 18,750 Calories. 


Fuel Value of Feces for 5 Days, as Determined by Bomb Calorimeter. 


Breep iD, - < = = = _ “ e = ie 6,150 Calories. 
Sheep D,_ - - - - - - - - - - - 5,940 Calories, 
Fuel Value of Urea Equivalent to Digested Protein. 

Sheep BB, - - - - - - - - - - 680 Calories, 
mreep 4), 7 - . - - - - - - - - 655 Calories, 
Total Unused Fuel Value (Feces Plus Urea Equivalent), 

Sheep B,_ - = - - - 2 - - - - 6,830 Calories. 
Sheep D, - -t-.. - - - - - - - 6,595 Calories. 


Available Fuel Value of Digested Nutrients. 




















| As Calculated from | As Determined by 
| Analysis. Bomb Calorimeter. 
Sheep B, - = - = : - | 11,785 Calories. | 11,920 Calories, 
Sheep D, - » - - - - 11,975 Calories. | 12,355 Calories. 





Digested Protein and Avatlable Fuel Value of Food Eaten. 


Sheep B, 73.5 per cent. of total protein and 63.6 per cent. of total fuel value. 
Sheep D, 71.2 per cent. of total protein and 64.8 per cent. of total fuel value. 


DIGESTION EXPERIMENT NO. 3. 
(See page 112, this Report.) 
Wheat bran, corn meal, linseed meal, oat and pea meal, and hay. 
Calories per Gram of Water-free Substance. 

















Laboratory | As Calculated from | As Determined by 

No. nalysis. Bomb Calorimeter. 
Wheat bran, - - - 1338 4.376 4.530 
Linseed meal and corn meal, 1339 4.685 4.750 
Oat and pea meal, - - 1340 4.445 4.515 
Hay, - = " z 1327 4.235 4.520 





Fuel Value of Total Food Eaten in 5 Days, as Determined by Bomb Calorimeter. 





Wheat bran, - - - - - - - - - 2;345 Calories. 
Linseed meal and corn meal, - - - - - - 2,395 Calories. 
Oat and pea meal, - - - - - - - - 4,535 Calories. 
Hay, - - - - : = = - - - - 9,380 Calories. 

Total fuel value of food eaten, - - - - - 18,655 Calories. 
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Fuel Value of Feces for 5 Days, as Determined by Bomb Calorimeter. 


Sheep Eo - : - ; 2 : = . - 5,030 Calories. 
eheep DD) ..- - - - - - - SP is - 5,980 Calories. 
Fuel Value of Urea Equivalent to Digested Protein. 
sheep 7B, = - - - : - - = - - 505 Calories. 
sheep D; = 4 - - - - - - - - 475 Calories. 
Total Unused Fuel Value (Feces Plus Urea Equivalent). 

SHEED? Ds.) = 2 - : - - s - ~ \ <5 835 Calartess 
Bieen mori: 7 - - - - - = - - 6,455 Calories. 


Available Fuel Value of Digested Nutrients. 








As Calculated from | As Determined by 








Analysis. Bomb Calorimeter, 
Sheep B,  - - - - - - 12,585 Calories. | 13,120 Calories. 
Sheep D, = : - 2 - : 11,850 Calories. | 12,200 Calories. 





Digested Protein and Available Fuel Value of Food Eaten. 


Sheep B, 77.1 per cent. of total protein and 70.3 per cent. of total fuel value. 
Sheep D, 71.6 per cent. of total protein and 65.4 per cent. of total fuel value. 


DIGESTION EXPERIMENT NO. 4. 


(See page 113, this Report.) 
Bran, corn meal and hay. 


Calories per Gram Water-free Substance. 














Laboratory |As Calculated from | As Determined by 

No. Analysis. Bomb Calorimeter. 
Bran, pte ee - 1306 4.395 4.555 
Corn meal, - - - 1305 4.485 4.505 
Hay, - - - - - 1328 4.230 4.505 











Fuel Value of Total Food Eaten in 5 Days, as Determined by Bomb Calorimeter. 





Duelvalue of bran; ~ = - - - - - - - 2,365 Calories. 
Fuel'value of corn meal, - : - - - - 6,705 Calories. 
Fuel value of hay, Ss : - - - - - 9,410 Calories. 

Total fuel value of food eaten, - 2 os 5 - - £8,480 Calories. 


Fuel Value of Feces for 5 Days, as Determined by Bomb Calorimeter. 


Sheep B,_ - - - - - “ : : - Ss 5,680 Calories. 
Sheep D,_ - - - - - “ phe : - 6,245 Calories. 
Fuel Value of Urea Equivalent to Digested Protein. 

Shéepib, "= - - - - - - - - - 260 Calories. 
SheepeD,)—- - - - - = S od a as 190 Calories. 
Lotal Unused Fuel Value ( Feces Plus Urea Equivalent ), 
mueep 57s - - - - - J a shade - 5,940 Calories. 


Beep Ly ae - - - - - - - - “ 6,435 Calories. 
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Available Fuel Value of Digested Nutrients. 














As Calculated from | As Determined by 

Analysis. Bomb Calorimeter. 

mieep B,. = : : - - : 12,540 Calories. | 12,390 Calories. 
mireeprl),. | - - - - - - 12,045 Calories. | 11,895 Calories. 











Digested Protein and Available Fuel Value of Food Eaten. 
Sheep B, 57.6 per cent. of total protein and 67.9 per cent. of total fuel value. 
Sheep D, 52.2 per cent. of total protein and 65.2 per cent. of total fuel value. 


DIGESTION EXPERIMENT NO. 5. 


(See page 114, this Report.) 
Scarlet fodder, fed green. 


Calories per Gram of Water-free Substance. 








As Calculated from | As Determined by 
Analysis. Bomb Calorimeter. 








Scarlet clover, average, - - - 4.190 4.390 





Fuel Value of Total Food Eaten in 5 Days, as Determined by Bomb Calorimeter. 


Sheep A and B, - - - - - - - - - 15,875 Calories. 
Sheep.D, - = - = - - 5 - - - 12,700 Calories. 
Fuel Value of Feces for 5 Days, as Determined by Bomb Calorimeter. 
Seep A, = - - - - - - - - - 5,340 Calories. 
Sheep B, - - - - - - - - - - 5,240 Calories. 
sneep DD, - - - - - - - - - - 4,200 Calories. 
Fuel Value of Urea Equivalent to Digested Protein. 

Sheep A,  - - - - - - - - - - 425 Calories. 
Sheep By; - - - - - - - - - - 430 Calories. 
meneep Dy, - - ‘ - - - - - - - 340 Calories. 
Total Unused Fuel Value (Feces Plus Urea Equivalent), 

SheeprA, - - - - 2 - - - - - 5,765 Calories. 
Sheep B,_ - - - - - - - - - - 5,670 Calories. 
echt), a = - - - - - - - - - 4,540 Calories. 


Available Fuel Value of Digested Nutrients. — 























As Calculated from As Determined by 

Analysis. Bomb Calorimeter. 

Sneep AL = = - - - - - 9,730 Calories. | 10,110 Calories. 
sheep Bb, ~- - : - - - 9,860 Calories. | 10,205 Calories. 
Sheep D,..- - - - - - 7,860 Calories. 8,160 Calories. 





Digested Protein and Available Fuel Value of Food Eaten. 
Sheep A, 76.7 per cent. of total protein and 63.7 per cent. of total fuel value. 
Sheep B, 77.5 per cent. of total protein and 64.3 per cent. of total fuel value. 
Sheep D, 77.2 per cent. of total protein and 64.3 per cent. of total fuel value. 
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DIGESTION EXPERIMENT NO. 6. 


(See page 115, this Report). 
Barley fodder fed green. 
Calories per Gram of Water-free Substance. 








As Calculated from | As Determined by 




















Analysis. Bomb Calorimeter. 
Barley fodder, average, - - - 4.135 4.520 
Fuel Value of Total Food Eaten in 5 Days, as Determined by Bomb Calorimeter, 
Sheep A, - - = - - - - - - - 13,735 Calories. 
SHeepes,. Vi - 4 - - “ “ 2 = - 14,360 Calories, 

Fuel Value of Feces for 5 Days, as Determined by Bomb Calorimeter. 
SheepsA, 9 = : - - - - - - - - 5,520 Calories. 
sheep rb. = - - - - - - - - st) 4,515 Calories) 
Fuel Value of Urea Equivalent to Digested Protein. 
sheep A>. = - - - - - - - - - 280 Calories. 
Sheep B, - - - - - - - - - - 305 Calories. 
Total Unused Fuel Value ( Feces Plus Urea Equivalent). 

sheep A, — - = es = : - s : — - 5,800 Calories. 
Sheep B, - - - - - - - - - - 4,820 Calories. 


Available Fuel Value of Digested Nutrients, 








As Calculated from | As Determined by 











Analysis. Bomb Calorimeter, 
Sheep A, - 2 a - . 7,415 Calories. 7,935 Calories. 
Sheep B,_ - = - - s - 8,765 Calories. 9,540 Calories. 





Digested Protein and Available Fuel Value of Food Eaten. 
Sheep A, 69.3 per cent. of total protein and 57.8 per cent. of total fuel value. 
Sheep B, 71.4 per cent. of total protein and 66.4 per cent. of total fuel value. 


DIGESTION EXPERIMENT NO. 7. 
(See page 116, this Report.) 
Barley and pea fodder, fed green. 
Calories per Gram of Water-free Substance. 











As Calculated from | As Determined by 
Analysis. Bomb Calorimeter. 











Barley and pea fodder, average, - - 4.255 4.570 








Fuel Value of Total Food Eatenin 5 Days, as Determined by Bomb Calorimeter. 
Sheep C,° - - - - - ~ 3 - - - 12,385 Calories. 
Sheep D,_ - - 2 . ie eee - a aa - 10,435 Calories. 


Fuel Value of Feces for 5 Days, as Determined by Bomb Calorimeter. 
Sheep, Gy. /ret oes RP ok Ge oh ie a Rise ie Sede i Ore 
Sheep D,_ - - - - - - : - - - 4,975 Calories. 
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fuel Value of Urea Equivalent to Digested Protein. 


pneep G,..('- - - - - - - - - - 385 Calories. 

Sheep D,_ - - . : 2 - : : - - 310 Calories. 
Total Unused Fuel Value (Feces Plus Urea Equivalent). 

Sheep C,_ - - - - ~ - - - - - 4,925 Calories. 

sheep D, - - - < - : - - - - 5,285 Calories. 


Available Fuel Value of Digested Nutrients. 














As Calculated from | As Determined by 

Analysis. Bomb Calorimeter, 

SCE iss o= - - - ~ - 7,025 Calories. 7,460 Calories. 
Sneep ly .°- - - - - 5,055 Calories. 5,150 Calories. 








Digested Protein and Available Fuel Value of Food Eaten. 


Sheep C, 81.1 per cent. of total protein and 60.2 per cent. of total fuel value. 
Sheep D, 73.2 per cent. of total protein and 49.4 per cent. of total fuel value. 


DIGESTION EXPERIMENT NO. 8. 
(See page 118, this Report.) 
Rowen hay, from mixed grasses. 


Calories per Gram of Water-free Substance. 





Laboratory | As Calculated from | As Determined by 


No. Analysis. Bomb Calorimeter. 











Rowen, - = = - 1400 4.310 4.675 





Fuel Value of Total food Eaten in 5 eet as Daan: by Bomb Calorimeter, 


Sheep A and B, each, - - - : : - - 16,265 Calories. 
seep Cand D; each, - = = - _ = = - 18,060 Calories. 
Fuel Value of Feces for 5 Days, as Determined by Bomb Calorimeter. 
Sheep A; - - - - - - - - = - 5,995 Calories. 
Sheep B,. - - < - “ - - ; - - 6,620 Calories. 
sol Woot 8 OSE - - - - - - - - - 7,155 Calories. 
sheep,’ - - - - - - - - - - 6,915 Calories. 
Fuel Value of Urea Equivalent to Digested Protein. 

DEP. 3.7 - - - - - . : 365 Calories. 
Sheep Bb, - - - - - - - = - - 350 Calories. 
pieep OC.  - - - - - - - - - - 405 Calories. 
mbeep DD - - - - - = - - - - 395 Calories. 
Total Unused Fuel Value (Feces Plus Urea Equivalent), 

BREED A, -u = - - - - - - - - - 6,360 Calories. 
Sheep B, - - - - ; - - 2 - - 6,970 Calories. 
sheep: C, > + = - - - - - - - - 7,560 Calories, 
See wet a= - . - - - - - - =." 95370 Calones: 


132 STORRS AGRICULTURAL EXPERIMENT STATION. 


Available Fuel Value of Digested Nutrients. 





As Calculated from | As Determined by 

Analysis.’ Bomb Calorimeter. 

sheepiA, “= - = - - - 9,280 Calories. 9,905 Calories, 
sheep B,  - - - - - - 8,790 Calories. 9,295 Calories. 
SHEED IG ae ae . - - - - g,865 Calories. | 10,500 Calories, 
Sheep LD, - - = - a - 10,225 Calories: | 710,750 Calories. 











Digested Protein and Available Fuel Value of Food Eaten. 
Sheep A, 69.1 per cent. of total protein and 60.9 per cent. of total fuel value. 
_ Sheep B, 65.9 per cent. of total protein and 57.1 per cent. of total fuel value. 
Sheep C, 66.9 per cent. of total protein and 58.1 per cent. of total fuel value. 
Sheep D, 68.6 per cent. of total protein and 59.5 per cent. of total fuel value. 


DIGESTION EXPERIMENT NO. Q. 
(See page 11g, this Report.) 
Rowen hay, mostly timothy. 
Calories per Gram of Water-free Substance. 











Laboratory | As Calculated from | As Determined by 











No. Analysis. Bomb Calorimeter. 
Rowen, - - - - 1399 4.270 4.650 
Fuel Value of Total Food Eatenin 5 Days, as Determined by Bomb Calorimeter. 
Sheep A, B-and C, each, - : 2 - : é - 17,165 Calories. 
sheep D, - - - - - - ~ - - - 15,850 Calories. 
Luel Value of Feces for 5 Days, as Determined by Bomb Calorimeter. 
SHueep i, ¢ .~ 3 . - - : 2 oe - 6,640 Calories. 
sheep B,  - - - ae - - : - - 6,790 Calories. 
mireep C4 2 wd Ph - - - - - - - 6,805 Calories. 
sheep DD, - - - - - - - - - - 5,850 Calories. 
. fuel Value of Urea Equivalent to Digested Protein. 
Sleeps Ay, - = - - - - : - a - 345 Calories. 
sheep -B, - - - - - - - ceed ee - - 360 Calories. 
sheep 5.0. - - Nps - - - - - - 355 Calories. 
peep Dy, = - eee oalhe - - - - - - 335 Calories. 
Total Unused Fuel Value (Feces Plus Urea Equivalent). 
SHeepe A. s- - - - - es - - - 6,985 Calories. 
Sheep .B, <- - - - - - - - - - 7,150 Calories. 
plieep C, ..- = - - - - - - - - 7,160 Calories. 


puecep DL, --- - - - - - - - - - 6,185 Calories. 
| Available Fuel Value of Digested Nutrients, 





As Calculated from | As Determined by 





Analysis. Bomb Calorimeter. 
SheepeA, 1 . : : : - | 9,470 Calories. | 10,180 Calories. 
Sheep B, - . ~ - : 4 g,115 Calories. | 10,015 Calories. 
Sheep», 7 = ‘ - . ‘ - 9,445 Calories. | 10,005 Calories. 





Sheep D..- - - - : - 9.080 Calories. 9.665 Calories. 
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Digested Protein and Available Fuel Value of Food Eaten. 
Sheep A, 66.1 per cent. of total protein and 59.3 per cent. of total fuel value. 
Sheep B, 69.4 per cent. of total protein and 58.6 per cent. of total fuel value. 
mheep C, 68.2 per cent. of total protein and 58.3 per cent. of total fuel value. 
Sheep D, 68.3 per cent. of total protein and 60.9 per cent. of total fuel value. 


DIGESTION EXPERIMENT NO. Io. 
(See page 120, this Report.) 
Scarlet clover hay, field cured. 


Calories per Gram of Water-free Substance. 








Laboratory | As Calculated from | As Determined by 
No. Analysis. Bomb Calorimeter. 





Scarlet clover hay, - - 1418 4.090 | 4-375 





Fuel Value of Total Food Eatenin 5 Days, as Determined by Bomb Calorimeter. 
Sheep A; B, C and D, each, - = - - - - 11,305 Calories. 


Fuel Value of Feces for 5 Days, as Determined by Bomb Calorimeter. 


pheepvA,;.  - - - - - - - - - ~ | © 63330; Galories. 
moneep. b, . - - - - - - - - - - 6,175 Calories. 
pheep C, - - - - - = - - fay GrOS 5; Calories: 
Sheep D, - - - - . - - - - - 5,880 Calories. 


Fuel Value of Urea Equivalent to Digested Protein. 
Sheep A, B, C and D, each, - - - - - - 240 Calories. 


Total Unused Fuel Value (Feces Plus Urea Equivalent). 


Sheep A, - - - - - - - - - - 6,570 Calories. 
SHech i) i- = t - = - . - - + 6,415 Calories. 
sheep ©, ~- - - - - 5 - - - = (6,325 Cabories: 
sneep DD, - - - - - - - - - - 6,120 Calories. 


Avatlable Fuel Value of Digested Nutrients. 

















As Calculated from | As Determined by 

Analysis. Bomb Calorimeter. 

moneep Ay = < - - - - 4,740 Calories. 4,825 Calories. 
sheep Bi’ - “ - - - - 4,960 Calories. 4,980 Calories. 
PGE DRC eal’ = - - . 2 4,940 Calories. 5,070 Calories. 
Bueep |i - = - - - 5,160 Calories. 5,275 Calories: 





Digested Protein and Available Fuel Value of Food Eaten. 


Sheep A, 63.9 per cent. of total protein and 42.4 per cent. of total fuel value. 
Sheep B, 63.9 per cent. of total protein and 43.7 per cent. of total fuel value. 
Sheep C, 65.1 per cent. of total protein and 44.5 per cent. of total fuel value. 
Sheep D, 64.6 per cent. of total protein and 46.3 per cent. of total fuel value. 
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TABLE 44. 
Summary. 

FuEL VALUE ) 

a, or Dicestep Nu-| .€ = 

oe: TRIENTS. i > 

oe 3 © | 

Ag| o — | A 3 

FEEDING STUFFS. meet tS ee Sine o # 

Eo | gee | eee ee 

Be sfa | See) eames 

a 2 | ee 

On eas < 

Calories.| Calories. % % 
Bran, corn meal and hay, - - - 1 ‘| B |, 10,625 | 10,6154) 4870 eager 
Bran, corn meal and hay, - - - I‘|. D | 12,050 | 12,230 |} 6200 oo 
Bran, corn meal and hay, - - - 4 | B | 12,540 | 12,390 | 57.6 |67.9 
Bran, corn meal and hay, - - - 4 | D | 12,045 | 119895 } 52,277,052 
Average, - = - S 2 = eas a 55.0 | 64.3 
Wheat bran, linseed meal, oat and pea 2| B | 14,785 | 11,920 19325 eee 
meal, hay, - - - S - 2°| D)} 115975 | 12,155 | Jie ee ose 
Wheat bran, corn meal, linseed meal, } 3:1 B }-12,585 | 23,1204 7 7aleeees 
oat and pea meal, hay, - - - 3 | D | 11,850.) 12;2007) 71,00 Osun 
Average, - - - @ - — aha — a 73.4 | 66.0 
Scarlet clover, fed green, - - - gi} A |. 9,730 | 10) 11TO 1) 76a 
Scarlet clover, fed green, - - - ye) 9,860 | 10,205 | 77.5 | 64.3 
Scarlet clover, fed green, - - - B41 D+ 9,860): 8,160 V7 yaa 
Average, - Rebs - - | — | — — TE Lav Oeee 
Barley fodder, fed green, - - - 6) A 7,415 | 7,935 | 69.3 |57.8 
Barley fodder, fed ies - . - 611° °B 8,765 | 9,540 | 71.4 | 66.4 
Average, - - - - oes Whee os ica 70.4 |62,1 
Barley and pea fodder, fed green, - an, 7:025 | 7,4007 81,1 OOne 
Barley and pea fodder, fed eieeni - 71 D | 5,055) °5,150:) 73:20 408 
Wrerage; oh) ts | = - |—|J—-—}] — 77.2 | 04.8 
Rowen hay, mixed grasses, - - Sci. A |) 9,280} 9,905 | Goer maces 
Rowen hay, mixed grasses, - - slash) 8) 8,790 | 9,295 | 65.9 | 57.1 
Rowen hay, mixed grasses, - - Sales 9,865 | 10,500 | 66.9 | 58.1 
Rowen hay, mixed grasses, - - 8 | D | 10,225 | 10,7507) 08:0 sone 
Penge, | a ¢ cl 0 aes Wile eA e geen ae — | Of. fiom a 
Rowen hay, mostly timothy, - = G:| AL} 9,470 10,180) 66M eam, 
Rowen hay, mostly timothy, —- - 9 | B | 9,115 | 10,015 | 69.4 | 58.6 
Rowen hay, mostly timothy, - - Qk 9,445 | 10,005 | 68.2 | 58.3 
Rowen hay, mostly timothy, — - - 9} D | 9,080] 9,665 | 68.3 |60.9 
TUL h ed ee it Ie PU yma Reset boned | of oh te Be — | 68,0 /69:¢ 
Scarlet clover hay, field cured, - - 10 |} A+} 4,740 | 4,825 + G3iosiaeee 
Scarlet clover hay, fietd cured, - - TOC ab 4,960 | 4,980 | 63.9 | 43.7 
Scarlet clover hay, field cured, - ao Jeeta Oi ets 4,940 | 5,070 | 65.1 | 44.5 
Scarlet clover hay, field cured, - : 104°, 1 591603)" ,5 2757) Oa, Ganaowe 
Averages, /iai mle ey cts ioe aber ete nel 64.4 44.2 
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Dene W FORM OF BOMB CALORIMETER AND DETER- 
MINATIONS OF HEATS OF COMBUSTION. 


BY WO, ATWATER AND CHAS, DD. WOODS, 


———# ¢ o—__—__ 


THE BOMB CALORIMETER. 


During the past five years the reports and bulletins of this 
Station have contained frequent reference to the fuel values of 
food materials and the need of more definite information regard- 
ing not only the potential energy of food, but also the more 
general subject of the transformation of energy in the living 
organism.* 

The later development of experimental science has given us 
clearer ideas not only of the chemical, but also of the physical 
changes that take place in the animal and in the plant. Tothese 
processes it has become customary to apply the term metabolism. 
The processes of metabolism in the body are of two definite but 
closely allied kinds—the metabolism of matter and the metabol- 
ism of energy. It is commonly assumed that these two processes 
conform, the one to the law of the conservation of matter and 
the other to that of the conservation of energy. Exactly this 
form of statement is not usual, but the principles thus enunciated 
have been more or less definitely assumed by writers and experi- 
menters during the last twenty years or more. ‘The bringing of 
the metabolic processes into line with these two fundamental laws 
helps greatly toward simplifying the whole subject, clearing up 
details that have been obscure, and placing the doctrine of nutri- 
tion upon a rational and simple basis. In the light of these laws 
many of the results of experimenting are more easily interpreted, 
imperfections in plan and errors in execution of past experiment- 
ing are brought out, and the ways in which the unsolved problems 
before us may best be studied are laid open. Experimenter, 
teacher, and student alike are helped by such a coérdination 
of principles. At the same time the theory of nutrition thus 
becomes plainer to the practical man. He can understand it 





* See, especially, Report for 1890, p. 174. 
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more easily if it is put in terms of “flesh formers” and “fuel 
values” than if he must consider protein, fats, and carbohydrates 
in the ways which have become so generally current. 

Food has two chief functions—to build tissue and serve as 
fuel. Inthe building of tissue from food and in the constant 
breaking up and repair of tissue we have to do with the metabol- 
ism of matter. In the service of food and of tissue material as 
fuel, to yield heat and muscular power, we have to do with the 
metabolism of energy. The protein compounds are the tissue 
formers. The fats and the carbohydrates are the chief fuel 
ingredients; but protein compounds also serve as fuel. In this 
service as fuel the nutrients replace each other in proportion 
to their potential energy. The economy of food in nutrition 
requires sufficient protein for the formation of tissue and sufficient 
energy for supplying heat and strength. The fuel value of food 
is thus one of the two chief factors of its value for nutriment. 

The fat of the food is stored as fat in the body. The protein 
and carbohydrates of the food are transformed into body fat. 
The fuel value of the food thus becomes an indication of its 
capacity for fat formation. 

The fat of the body is its reserve store of fuel. The fuel value 
of the fats is more than twice as great, weight for weight, as that 
of the protein or carbohydrates. Fat is body fuel in its most 
concentrated form. ‘Therein lies the economy of nature in the 
storage of fat in the body. 

Of course the whole doctrine of nutrition is not as simple a 
matter as these statements would imply, but they do represent its 
fundamental principles. One important part of the problem is 
the source of intellectual energy. Doubtless this comes, in some 
way, from the food, but what it is and how it is produced and 
what food materials are most efficient for its production are 
questions that the experimental science of to-day are far from 
answering. 

In the metabolism of matter and energy we have the foundation 
of the theory of nutrition, the starting point of experimental inquiry, 
and the means of simplifying the theories which we have to teach. 
It is thus clear that the experimenter who will study thoroughly 
the laws of nutrition and the uses and the nutritive values of food 
must have a means for determining the potential energy of the 
ingredients of the food and of the compounds of the body which 
are formed from them. Since this potential energy is measured 
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by the heat developed when the substances are burned with 
oxygen he may employ a method for determining the amount of 
heat thus developed. 

But it is not the physiological chemist alone to whom the 
method and apparatus for measuring heats of combustion is 
essential. Inquiry in this special field is of fundamental import- 
ance in physical chemistry generally, and research has demon- 
strated its necessity for that understanding of the molecular 
structure of compounds which has become one of the most 
important factors of the development of those branches of 
chemical science to which the terms ‘“‘ organic”’ and “theoretical ”’ 
are commonly applied. And finally, the chemical technologist, 
who is endeavoring to learn the values of coal and other fuel 
materials for heating, experiences the necessity of a means for 
determining their heats of combustion. Various forms of calori- 
metric apparatus have been devised for this purpose.* The Stoh- 
mann calorimeter,+ which is a modification of that of Thompson, 
was employed for the studies of heats of combustion by Dr. H. B. 
Gibson, which were described in the report of this Station for 1890. 

In the combustions by the Thompson-Stohmann method the 
oxygen is obtained from potassium chlorate. Considerable time 
is required for the determination, but the chief difficulty with this 
method is that the combustion is not always complete. 


THE BERTHELOT BOMB CALORIMETER. 


Berthelot has devised an apparatus{ and, with the assistance of 
Vieille and others, has developed a method for the use of oxygen 
under high pressure. The apparatus consists essentially of a steel 
bomb lined with platinum, within which the substance is burned. 
The bomb is immersed in water contained in a metal cylinder; this 
calorimeter cylinder is placed with its contents inside of con- 
centric cylinders containing air and water. The heat developed 





* See discussion of the general subject of metabolism of energy in the body and descriptions 
of calorimeters in Bulletin 21 of the Office of Experiment Stations of the U.S. Department 
of Agriculture, from which portions of the statements herewith regarding bomb calorimeters 
are taken. The engravings of the calorimeter beyond are from the same publication and are 
used here by courtesy of the Department. 


+ This apparatus is described in the Bulletin just referred to. See also the original descrip- 
tion by Stohmann, with diagram; Landw. Jahrbiicher, 13, 1884, 513. The apparatus is 
pictured in the Century Magazine for July, 1887. 


+ For descriptions see Berthelot, Ann. Chim. Phys. (5), 23, 160; Berthelot & Vieille, ibid., 
(6) 6, 546 Berthelot, Traité pratique de calorimétrie chimique, Paris, 1893, p. 128, and, for an 
especially clear account of the apparatus and method, Stohmann, Jour. f. prak. Chem., 147 
(N. F. 39), 1889, 503. An engraving of the bomb with a brief description may be found in 
Fres. Zeitsch. Anal. Chem., 1893, 77. A Berthelot apparatus employed by Stohmann was 
obtained from Golaz in Paris, who made it in accordance with Berthelot’s directions. It cost, 
with accessories, including compression pump, etc., not far from $1,200. Aside from those used 
in Berthelot’s laboratory and the one made for Stohmann, extremely few have been made. 
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is measured by the rise in temperature of the water, due allow- 
ance being made for the heat absorbed by the metal of the 
apparatus and for that introduced in igniting the substance by 
an electric current and developed by the oxidation of an iron 
wire through which the current is passed, and in the formation of 
a small amount of nitric acid. The reactions are simple, the 
oxidation of the compounds in completing the determination 
requires a comparatively short time, and the results are very 
satisfactory. The only drawback is the great cost of the 
apparatus, which is due to the large amount of platinum employed 
in its construction. It is doubtless because of this that the bomb, 
which is most useful for its purpose and would be highly prized 
in many laboratories, has not come into common use. 

The bomb calorimeter was first used. by Berthelot in measuring 
the heats of combustion of gases by detonation. The gas to be 
burned was mixed with the exact amount of oxygen required, or 
a slight excess, at ordinary atmospheric pressure within the bomb 
and ignited by the passage of an electric spark. Gases were 
easily burned in this way, but the combustion of solids was im- 
practicable. Attempts were made to remedy the difficulty with 
solids by intimately mixing them with potassium chlorate and 
as good results were obtained: as in the Thompson-Stohmann 
method. Berthelot and Vieille* found later,+ however, that when 
oxygen was introduced under a pressure of from 7 to 25 atmos- 
pheres, the combustion was complete with all organic substances 
even when no potassium chlorate was added. 

The bomb originally employed by Berthelot was in the shape 
of a cylinder, with hemispherical ends and divided in two parts, 
one of which screwed into the other. It was made of steel with 
the interior lined with gold by electro-plating. 


The later and permanent form of Berthelot’s bomb is cylindri- - 


cal with a rounded bottom and flat cover. It is made of steel 
with a heavy lining of platinum. The size may vary. Inthe 
one made by Golaz for Stohmann the diameter is approximately 
Io centimeters and the height to the upper surface of the cover 
about 13 centimeters; the walls are somewhat over a centimeter 
in thickness. It contains 2,717 grams of steel and 1,233.3 grams 





* Ann. Chim. Phys., (6) 6, 546. 


+ In 1885. The principle was discovered and investigated by Frankland in 1864 and 1868. 
See investigations by him ‘t On the combustion of iron in compressed oxygen.’’ Jour, Chem. 
Soc. II., 1864; 52. ‘‘On the combustion of gases under™pressure.’’ Brit. Assoc. Rep. 
XXXVIII., 1868 (Sect.); 37. ‘On the combustion of hydrogen and carbonic oxide in oxygen 
under great pressure.’’ Proc. Roy. Soc. XVI., 1868; 419. 
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of platinum. The internal capacity is about 300 cubic centi- 
meters and it holds, under a pressure of 24 atmospheres, 7 liters, 
or, in round numbers, to grams, of oxygen. The cover fits into 
the top of the cylinder after the manner of a stopper. It is 
pressed in and held very tightly by an outer cap or collar which 
screws on to the outside of the cylinder at the top. The fittings 
have to be made with the greatest care in order to prevent the 
escape Ofygas. The material to be burned is shaped into a small 
cake by means of a powerful press and is held in a platinum 
capsule, ‘This capsule is sustained by a platinum wire which is 
fastened to the under side of the cover. Another platinum wire 
passes through the cover, from which it is insulated by gutta 
percha, or other appropriate material. These two wires are so 
arranged that they are easily connected by a piece of fine iron 
wire hanging over the substance to be burned in the platinum 
capsule. An electric current passed through the platinum wire 
heats the iron wire to a temperature where it burns in the oxygen 
and, melting, falls upon the substance so as to ignite it. An 
arrangement at the top of the cover provides for admitting the 
oxygen. The oxygen is introduced either with the aid of a 
compression pump, or, more conveniently, from iron or steel 
cylinders, in which it is held under sufficient pressure. Both 
Berthelot and Stohmann use such cylinders without the aid of a 
pump. Experience has shown that it is desirable to have fully 
three times as much oxygen present as is theoretically necessary 
for the combustion. 

The quantity of water in which the bomb is immersed ts gener- 
ally about 2 liters. It is contained in a calorimeter cylinder of 
brass or other metal. A stirrer, not easily described without a 
diagram, plays between the bomb and the cylinder in such a way 
as readily to mix the water and insure uniform temperature after 
the combustion. The outer cylinders which are employed by 
Berthelot and Stohmann to protect the apparatus from gain or loss 
by heat outside, as above described, are made of copper. They 
find that two concentric cylinders so arranged as to hold a 
layer of water between them, the inner being large enough to 
leave a considerable air space around the calorimeter cylinder, 
suffice for accurate work. 

In Stohmann’s laboratory the arrangements to insure accuracy 
are quite elaborate. ‘The work is done in a basement room sur- 
rounded by very thick walls of stone. Special devices are 
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employed to keep the temperature of the room exactly constant. 
The stirrer is moved by a small motor, which is so regulated as 
to make the movement the same for all determinations. Berthelot 
uses a motor for the stirring, but conducts the combustion in the 
laboratory rooms where other work is done and without special 
arrangements to insure uniform temperature. 

The Berthelot bomb calorimeter serves its purpose admirably. 
It is comparatively simple, easily handled, and does not get out 
of order when properly cared for. Practically all kinds of ordi- 
nary organic compounds are completely oxidized when the proper 
excess of oxygen is used at an initial pressure of 25 atmospheres. 
With an accurate thermometer the rise in temperature of the 
water is measured with great accuracy. The corrections, of 
which the chief is the thermal water equivalent of the apparatus, 
are not particularly difficult to determine. The skill and care 
required in the manipulation are not beyond any thoroughly 
expert operator, and the results are very satisfactory indeed, as 
may be seen by comparing those obtained by Berthelot and 
Stohmann in determining the heats of combustion of the same 
material in their respective laboratories. 

The steel of which the bomb is made is especially exposed to 
corrosion. Berthelot protects the outside of the bomb by plating 
with nickel which serves the purpose very well, as water and air 
are practically the only corrosive agents to which it is exposed. 
But with the interior the case is very different. The oxygen at 
high pressure is very active in itself. The carbon, sulphur, and 
phosphorus of the substances burned are completely oxidized, 
and carbonic, sulphuric and phosphoric acids are formed. Indeed, 
Berthelot has shown that the apparatus may be used for deter- 
mining carbon, sulphur and phosphorus in these forms. More 
or less of the free nitrogen which is mingled with the oxygen 
used in the combustion and perhaps, at times, some of the nitrogen 
of the substance burned is oxidized and forms nitric acid. It is 
necessary that the inner surface be covered with some substance 
which will resist these acids as well as the oxygen. Such materials 
are easily found, but the practical difficulty has been to find an 
inexpensive lining which will insure permanent protection to the 
steel. In Berthelot’s first bomb, electro-plating with platinum 
was tried, but the plantinum soon began to scale off. Aftera 
few combustions gold was substituted for platinum and with 
better success, but it has not been used with oxygen under 
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pressure. ‘The outcome of the experience was the use of a lining 
of platinum one-half millimeter in thickness. 


THE BOMB CALORIMETERS OF MAHLER AND OF HEMPEL, 


Various modifications of Berthelot’s apparatus have been 
devised especially to obviate the difficulty of expensive lining. 
Mahler uses a bomb of forged steel with enamel lining.* The 
cylinder is somewhat narrowed at the top and the cover is 
screwed directly upon it, the junction being made tight by a 
washer of lead. The enamel is easily put on or replaced, and it. 
is stated that a single coating has been used for 300 combustions 
without injury. I have understood, however, that the enamel is 
apt to scale off in constant use. The form described by Mahler 
has an internal capacity of 600 cubic centimeters or nearly double 
that of Berthelot’s bomb, as above described. 

Prof. Hempel of Dresden uses, for determination of heats of 
combustion of coal, a simple bomb of steel without lining. The 
principle, like that of Mahler’s form, is the same as that of 
Berthelot. The closure is by a “head piece” which screws 
into the neck of the bomb. It suffices very well for technical 
purposes but is not recommended for scientific use. + 


THE BOMB CALORIMETER HERE USED. 


In accordance with suggestions by one of us during a sojourn 
in Dresden, Prof. Hempel most kindly had a bomb made by 
the mechanicians who make the bombs of his devising just re- 
ferred to and lined, by Heraeus of Hanau, with a thin sheet of 
platinum. Through Prof. Hempel’s pains-taking care added to 
his inventive skill and his peculiarly thorough familiarity with 
the whole subject, an apparatus was obtained which has proved 
most efficient. The principle is the same as Berthelot’s form; 
but whereas Berthelot’s cover fits into the cylinder in the manner 
of a very wide stopper, the cover in this, as in Mahler’s, rests 
directly upon_the upper edge of the cylinder, a projection of the 


latter fitting into a groove in the former. A washer of lead is 


set in the groove of the cover, the latter is held tightly to the 
cylinder by a screw cap or collar and thus perfect closure is 
easily secured. The apparatus differs but slightly from that 
depicted in figure 1 herewith. 





* Compt. rend., 113, 774 and 862, and Génie Civile, Jan. 23, 1892, p. 198. See also Zeitsch. 
f, anal. Chem., 1893, 79, and Berthelot, Calorimétrie Chimique, 133. 

‘+ Hempel, sche Methoden, 1890, 355 and English translation, Methods “ Gas 
Analysis, 1892, p. 359. 
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In Berthelot’s bomb, as I am informed by the maker, it is 
found necessary to use a large amount of platinum in the 
stopper to make it firm, so that although the platinum lining of 
the cylinder below the neck is only about one-half millimeter 
thick, over a kilogram of platinum is required for the whole. 
This simple substitution of a platinum-lined’ steel cover saves 
the ‘larger part of the, platinum: ‘Che cost of: the) bomipma 
Dresden, with accessory apparatus, including vise-grip and 
lever for screwing on the collar, a cylinder for compressed 
oxygen, fittings, manometer and a screw press* for making 
hard pellets of the substance to be burned, was less than $220. 
The apparatus has been in use in our laboratory for more than 
two years, all the combustions of which the results are given 
in the present Report were made with it, and we have found it 
very satisfactory. 

The bomb as just described might be recommended for general 
use in place of the very expensive form devised by Berthelot. 
Our experience has, however, suggested some alterations, and 
the attempt is being made, to develop an apparatus which, with- 
out sacrifice of accuracy and reliability, will be durable, convenient 
and capable of being made at a cost which will bring it within 
the reach of ordinary laboratories. ‘The efforts in this direction ~ 
are being materially aided by the U.S. Department of Agricul- 
ture. The results thus far are very encouraging, but we are not 
yet certain what kind of metal will ultimately prove best for the 
bomb or for the lining, and there are numerous details of con- 
struction and manipulation which still need to be worked out and 
tested. 

The main objective point at present is to diminish the cost of 
the lining. Whether this will be best accomplished by a cheaper 
lining of platinum, or by a lining of another metal, or by using a 
less corrosive metal than steel for the bomb and thus avoiding 
the lining altogether, remains to be seen. But there is no doubt 
as to the feasibility of making an excellent bomb of steel with a 
thin platinum lining. 

Two steel bombs have been made by the Pratt & Whitney 
Co. of Hartford, Conn., and to whose personal interest in the 
matter, with that of Mr. G. M. Bond of their establishment, 
especial thanks are due. ‘Their facilities for making such ap- 
paratus are very unusual in respect to mechanical appliances, 





* As used by Hempel, loc. cit. 
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large experience, critical appreciation of the scientific demands, 


and means for insuring accuracy and finish of execution. Figure 


1 herewith represents the last form of bomb adopted. It differs 
from the first one and from the one made in Germany as above 
described, chiefly in the introduction of the ball-bearings (K K). 
A represents the cylinder, 
B the cover, and C the screw 
cap or collar by which the 
cover is held on the cylinder. 
The cover is provided with a 
neck (D). Into this fits, at 
the top, a cylindrical screw 
(E), into which in turn fits a 
valve screw (F). Intheneck / YG. Y 
(D), where the bottom of the /7 youu ji Sie 
cylinder screw (E) rests, is a oy Yi Ly Z 
shoulder fitted with a washer Ea AAI 
of lead. On the side of Dis 
an opening (G), into which 
may be screwed a tube con- 
nected with the receptacle 
which holds the oxygen used 
for the combustion. The 
tube when screwed in thrusts 
against a washer of lead at 
the end of G, which insures 
perfect closure. A narrow 
passage runs horizontally to 
the center of D, and then 
perpendicularly downwards 
through the cover, and thus . i 
provides passage fortheoxy- — | QWQWQWW;( (K \ 
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Fic. 1.—CALORIMETER Boms. 


tightly closed by the valve screw, the lower end of which is conical 
and thrusts.against the inner surface of D, the angle of which at the 
place of contact corresponds to that of the tip of the screw. The 
upper edge of A is beveled on both sides, the apex being rounded, 
and fits into a washer of soft metal, which is held in a groove in 
the cover (B). Washers of lead have been used thus far. They 
yield to the heavy pressure and the metal gradually flows out of — 
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the groove with use, so that the washers have to be replaced 
occasionally. With an instrument devised by Prof. Hempel a 
new washer can be cut out of a thick sheet of lead and inserted 
in a short time. We are, however, trying a washer of copper 
which will not flow so easily. 

One difficulty in screwing the collar down tightly enough to 
prevent the escape of gas between the edge of the cylinder and 
the washer at the high pressure to which the gases are subjected, 
has been the friction of the collar upon the cover. ‘To accomplish 
this the cylinder of the bomb is put in a clamp, which is fitted to 
the cylinder and is held inavise. ‘The collar is turned bya long- 
handled spanner, the projection of which fits into the two depres- 
sions shown in the collar. Even with a spanner handle nearly 
three-quarters of a meter in length, much force is needed to secure 
tight closure. To avoid the friction between the collar and the 
cover, ball-bearings (K K) of very hard steel, such as are em- 
ployed for bicycles, are used in the last bomb made. These run 
in a groove in the cover and are kept from falling out by a flat 
ring which is easily removed. The bearing in the collar which 
comes against them, as shown in the picture, is also of hard steel. 

The platinum wires, H and I, inside the bomb, serve to hold a 
platinum capsule containing the substance to be burned and to 
transmit an electric current. Of these two wires one, I, is 
screwed into the cover; the other, H, passes through a conical 
hole in the cover from which it is insulated by a piece of vulcan- 
ized rubber, in the shape of a frustum of a cone and fits the 
hole. A small nut screwed on the platinum wire at the upper 
surface of the cover draws the wire and with it the vulcanized 
rubber cone tightly into the hole and holds them in place. Near 
the lower end of H is a platinum wire bent in the form of a ring 
to hold the platinum capsule and coiled about the wire, to which 
it is held by a screw. When a combustion is made the two 
platinum wires are connected by a very fine iron wire which 
passes over the crucible. The part directly above the substance 
to be burned is bent into a spiral, thus furnishing a larger 
quantity of iron to be ignited and, falling, to ignite the substance 
in the crucible. The cylinder is approximately 12.5 centimeters 
deep and 6.2 in diameter inside. The wall is approximately .5 of 
a centimeter in thickness. The weight of the whole bomb is 
approximately 2,900 grams and its capacity nearly 380 cubic 
centimeters. 
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Fic. 2.—Boms CALORIMETER; APPARATUS AS USED FOR ACTUAL DETERMINATIONS OF 
10 


Heats or COMBUSTION. 
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The apparatus as set up for the combustion is shown in figure 2. 
M is the calorimeter cylinder. Those employed by Berthelot and 
Stohmann are made of brass. We have found the ordinary “ white 
metal” used in making silver plated ware, which is essentially an | 
alloy of tin, copper and antimony, well adapted to the purpose. 
This is large enough to hold the bomb and two liters of water, 
the water rising just to the top of the valve screw and very near 
to the top of the cylinder. LL is a stirrer which is moved up and 
down and thus brings the water to. a uniform temperature. The 
calorimeter cylinder is contained in two larger concentric cylin- 
ders. In the apparatus as used by Berthelot and by Stohmann 
these are made of copper. ‘They may be so joined that the 
space between the inner and outer one can be kept filled with 
water and thus effectually | 
prevent the passage of heat 
from without inward. We 
have used cylinders of ordi- 
nary indurated fiber, N and 
O, with air spaces between. 
The indurated fiber is a 
good non-conductor of heat 
. and we have found the 
arrangement satisfactory. 
Each of the two cylinders 
has a cover of vulcanized 
Z rubber. Beneath and on 

Fic. 3.—Cross SECTION OF ‘Bows CaLorimerer the sides of the calorime- - 
gaa ter cylinder are supports 
of cork which keep it in place and prevent contact with cylinder 
N. The vulcanized rubber covers are each provided with two 
small holes through which pass the two upright rods of the 
stirrer and a larger hole for the thermometer P. In the sides of 
the two cylinders N and O near the top are holes through which 
pass wires H and I, to connect the platinum wires H and I with 
an electric battery. The whole apparatus is shown in cross sec- 
tion in figure 3. In this one of the flat, horizontal rings of the 
stirrer L is shown. ‘This is wide enough to nearly fill the space 
between the bomb and the cylinder, but has a number of holes 
so that when it is moved up and down the water is not unduly 
agitated. One side is cut away to make room for the ther- 
mometer. 
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The cross bar at the top of the stirrer, shown in figure 2, has in 
the center a small ring. To this is attached a cord which con- 
nects with a wheel above. By the slow revolution of the latter 


the stirrer is raised and then allowed to fall by its own weight. 


The wheel is moved by a motor at nearly uniform rate so 
that the amount of motion of the stirrer in a given time is 
always nearly the same. The cross bar is held to the upright 
rods by nuts and is easily removed when the covers of N and O 
are taken off and put on. 

The temperature of the water is measured by the thermometer 
P. We have several thermometers for this purpose. All are 
graduated to hundredths of a degree. One, which we employ 
as a standard thermometer for correcting the others and which is 
also very convenient for regular use, was made by Fuess and 
calibrated by the Physikalischtechnische Reichsanstalt in Berlin. 
The scale, which is 25 centimeters long, covers six degrees 
marked from o to 6. Each degree is divided into hundredths, 
and the divisions are of such length as to permit of easy estimates 
of thousandths by the aid of a magnifying glass. We are per- 
suaded that, in this way, measurement of the temperature of the 
water to thousandths of a degree can be made with as close an 
approach to accuracy as the weighings to the tenths of a milli- 
gram with an ordinary laboratory balance. This especial ther- 
mometer.is provided with a Boeckmann reservoir at the top into 
which a part of the mercury can be driven at will. The readings, 
therefore, as marked from o to 6 on the thermometer, may indi- 
cate actual temperatures from the freezing to the boiling point 
of water according as little or much mercury is driven into the 
reservoir. The thermometer'is calibrated for measurements at 
any of these temperatures. The cost of the thermometer in 
Berlin was 37.50 marks, the charge for calibrating was 21 marks, 
making total cost in Berlin about $17. We have found it very 
satisfactory. 

The accessory apparatus consists of a screw press of the kind 
used by Hempel* for compressing the substance to be burned 
into a firm cylindrical cake, vise, vise-grip, lever for screwing the 
cap, a cylinder of compressed oxygen with tubes and manometer 
for filling the bomb, an electrical apparatus to furnish a cur- 
rent for igniting the substance (we connect directly with an 
electric lighting circuit, using a resistance coil to reduce the 





* Gas Analysis, page 356. 
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current,) and the arrangement above referred to for moving the 
stirrer. The manipulation requires the same skill that is demanded 
for accurate laboratory determinations in general and no more. 
The actual process is briefly as follows: ‘The substance to be 
burned is, when convenient, pressed into a cake, and, after 
weighing, put in the small platinum capsule; the latter is then 
placed in the ring support under the small iron wire connecting 
the two platinum wires H and I. The bomb cover, which holds 
these wires and with them the capsule, is then put on the 
cylinder, the collar is screwed on, the oxygen 1s introduced until 
the pressure indicates at least 20 atmospheres. The bomb is 
then put in the calorimeter cylinder inside the larger cylinders; 
the covers, stirrer, thermometer, and connecting wires H and I are 
properly arranged; and the apparatus is allowed to stand, generally 
for not more than three minutes, until the temperature of the water, 


which at the outset is two degrees or a little more below that of the’ 


room, begins to rise. Six initial readings are then taken at inter- 
vals of one minute, these generally show a rise of from two to four 
hundredths of a degree. At the moment of the sixth reading, 
which is taken for the initial temperature of water and apparatus, 
the current is turned on, the wire is ignited at the same moment 
and falls, igniting the substance. The combustion takes place 
quickly but quietly, and the temperature forthwith begins to rise. 
The thermometer is read for five minutes at intervals of one 
minute and again after ten minutes more. The first of the initial 
readings, the one at the moment of turning on the current, the 
five which follow and the last one are used in a formula* for 
computing the correction for the influence of the temperature of 
the air in the room upon the change in temperature of water and 
apparatus during the combustion. The result shows the actual rise 
of temperature of water and apparatus (bomb, calorimeter cylinder, 
stirrer and thermometer) due to the combustion. The next steps 
are to find the number of calories of heat which correspond to the 
rise of temperature of water and apparatus and then the calories of 
heat actually developed by the combustion of the substance. For 
the first it is necessary to know the thermal water equivalent of 
the apparatus. This has to be determined for each apparatus 
and under the circumstances in which it is to be used. The 
methods here followed are essentially those described by Stoh- 
mann, Kleber and Langbein.t The quantity of water thus 





* The formula here used is essentiaily the same as developed by Stohmann, Kleber and 
Langbein, Jour. f. prac. Chem., 147, 1889, 517-523. + Loc. cit. 524-536. 
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found to be thermally equivalent to the apparatus is added to 
the quantity of water actually used. The specific heat of. this 
amount of water, compared with the rise in temperature as above 
determined, gives the actual number of calories of heat con- 
tributed to water and apparatus by the combustion. The total 
heat thus contributed includes the heat of combustion of the 
substance itself plus the heat of oxidation of the iron wire and 
the heat of formation of a certain amount of nitric acid, which is 
at the same time produced in small but varying quantity. To 
determine the heat of oxidation of the iron each wire is weighed 
at the outset, When, as is sometimes the case, a portion is left 
unoxidized, this is weighed at the end and the difference is taken 
as the amount oxidized. The purest piano wire is used and the 
heat produced is estimated from the amount oxidized and the oth- 
erwise observed heat of oxidation of iron (for Fe, O, 1,600 small 
calories per gram of Fe). ‘The nitric acid which is dissolved in 
the water formed by the combustion in the bomb is rinsed out 
and the amount is determined by titration with a standard solu- 
tion of sodium carbonate, one cubic centimeter of which will 
‘neutralize a quantity of nitric acid of which the heat of formation 
is one small calorie. Adding the heats due to the oxidation of 
the iron and the formation of nitric acid and subtracting the 
sum from the total heat communicated to the apparatus and 
water leaves the amount due to the oxidation of the substance. 

There are, of course, numerous details of manipulation sug- 
gested by experience which hardly need be described here. One 
for instance is the use of a kindling material for animal and 
vegetable fats, in which the molten globule of iron oxide some- 
times sinks until it is covered without igniting the substance. 
By laying a small portion, three to five milligrams, of naphtha- 
lene on top of the substance, ignition is made sure. Allowance 
is made for the heat of combustion of the naphthalene, which, 
for that we have used, is found to be 9,678 small calories per 
gram. 

One essential feature is the oxygen. This we formerly obtained 
from Berlin, but it can now be had in New York, of satisfactory 
purity, in cylinders ready for use. With only a single cylinder, 
a force pump would be necessary to charge the bomb as soon as 
the pressure in the cylinder should fall below 20 atmospheres, 
which is the pressure required in the bomb. To avoid the 
necessity of a force pump we employ two cylinders with a device 
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by Stohmann, which consists of tubes and gas cocks so arranged 
that either cylinder can be connected with the bomb or discon- 
nected without trouble. A manometer is joined to the tube 
leading to the bomb. One cylinder alone is used for charging 
until the pressure falls below 20 atmospheres. ‘Thereafter, in 
charging, the oxygen is allowed to run from this cylinder into the 
bomb until the pressure is the same in both; the connection then 
is shut off and the other cylinder, in which the pressure is higher, 
is connected with the bomb and the charging up to 20 atmos- 
pheres is completed. In this way the oxygen in the first cylinder 
can be used until the pressure is reduced to one atmosphere. 
The cylinder is then sent away to be refilled. We find it con- 
venient to have three cylinders and are thus never without at 
least one with sufficient pressure for charging. 

The results of our experience thus far may be briefly summarized. 

1. Asto apparatus. The bombs we have had made at home 
as above described seem to promise better than anything we 
should be able to obtain from European makers. The strongest 
and best gun steel is to be had in this country and the work- 


manship is better than anything we have seen in apparatus of. 


the kind made in France or Germany. We are not yet certain 


that the platinum lining can be more advantageously provided | 
here than in Germany though that now seems probable. We 


are attempting to find a way to put on the lining by electro- 
plating, using another metal between the steel and the platinum. 
If this proves successful it will materially lessen the cost; if it 
does not, a lining of sheet platinum can be used. We hope that 
it will prove feasible to use some cheaper metal than platinum 
for lining the steel bomb or to use some non-corrosive metal in 
the place of the steel for the whole bomb and thus avoid the 
lining entirely, but are not yet able to speak of the prospect of 
success. The accessory apparatus is simple and easily obtained. 

There is therefore no doubt that an accurate, convenient, rea- 
sonably durable and inexpensive bomb calorimeter with the 
accessory apparatus can be made available to those who have 
occasion to use it. . 

2. As to method. To determine the thermal equivalent of 
the apparatus is a somewhat difficult and time-consuming opera- 
tion, but when that is done and the schedules for noting the 
observations and the formulas for calculating the results are 
made out and the method of manipulation is well in hand, the 
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determinations of heats of combustion can be made quite rapidly 
and with a high degree of accuracy. Each determination of a 
heat of combustion involves: (1) either three or four weighings; 
one of the calorimeter cylinder and water to insure the right 
amount of the latter, one of the substance, one of the iron wire, 
and sometimes one of a small portion of the iron wire left 
unoxidized; (2) twelve observations of temperature of which 
eight are actually used; (3) one titration of nitric acid with 
standard alkali. The calculations for one determination can 
be-made in the intervals of waiting between the observations 
of temperature of the next one. When the materials of which 
the heats of combustion are to be determined are ground and 
prepared for weighing in advance it is not difficult to make 
nine determinations and calculations in a working day of seven 
and one-half hours. The accuracy of the results is very satis- 
factory. Not only do duplicates agree with the greatest close- 
ness, but we have made a considerable number of determinations 
with pure substances such as sugar, and have obtained results 
practically identical with those obtained by Berthelot and by 
Stohmann for the same substances. This identity of results 
obtained in the three laboratories is certainly very favorable 
for their correctness and for the reliability of the apparatus 
and method. 

Table 45 gives the results of a considerable number of deter- 
minations of the heats of combustion of different foods and feed- 
ing stuffs made by the method and with the apparatus above 
described in the course of investigations here. Many of the 
combustions here reported were made by Dr. R. L. Slagle, whose- 
skill and accuracy call for especial recognition. The special 
purpose in collating them is to compare the fuel values as 
obtained from calculation from the analysis and as determined 
by the bomb calorimeter. In ‘calculating the potential energy 
each gram of protein is taken at 5.5 Calories, each gram of fat at 
9.3 and each gram of carbohydrates at 4.1 Calories. The differ- 
ence between the 5.5 Calories here used for one gram of protein 
and the factor 4.1* which.we have ordinarily assumed is explained 
by the allowance made for the nitrogenous materials which are 
incompletely consumed in the body. 





* See Report of this Station, 1890, pp. 177, 178. 
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TABLE 45. 


Fuel Value Per Gram of Water-free Substance of Foods, Feeding 
Stuffs and Undigested Residues as Determined tn the Bomb 
Calorimeter. ( The Results of Analyses and the 
Calculated Fuel Values are also given 
Jor comparison. ) 
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Shoulder steak, - : - | 562 | 65.9 | 30.6 — 3.5.| 6475 | 6625 
Shoulder steak, - - =| 567. }-69,0,) 2774 — 3.6 | 6340 | 6405 
Shoulder steak, - : - | §70 | 94.30 24,7 — 4.0 | 6225 | 6395 
Average, -— - “gest e566, (lead ore 3.8 | 6450 | 6590 
Round steak, - < ra 132: OS srnsae5 <4 3.4 | 6585 | 6705 
Round steak, - - Pl S77 ah, 70. Ome Oro = 4.2 | 5985 | 6150 
Round steak, - - - | §84°| 65.7 | 30.7 — 3.6 | 6470 | 6600 
Average, - “ - rh) tl OBC 2th ra 3.7 | 6845 | 6485 
Eipsroasty. = | = So = ABO 33 A OATS a 1.7 | 7875 | 7925 
Rib roast, - - - ~ |'490 1 35.5.1 62:8 a 1.7 | 7790 | 7845 
Rib roast, - - - - | 540 | 63.5 | 33.5 re 3.0 | 6610 | 6740 
Rib roast, - - - <4 5565.) OF, Ol aeel ar 3-3 | 6540 | 6690 
Rib roast,  - - - - | 566 | 63.5 | 32.8 ae 3.7 | 6545 | 6720 
PIAS SE = int, ee O2.ah 0,8 aE 2.7 | 7070 | 7185 
DN one ee Mey aX et 403 WP Theo gee 6.4 4-9 | 5795 | 5970 
Canned corned beef, - e154 57a 13500 — 8.6 | 6305 | 6415 
Dried smoked bologna, Sb Rall 4 Sab aeA meg 5.4 II.4 | 6510 | 6540 
Veal. 
Leg, - - - - - | 483 | 60.8 | 35.9 — 3.3 | 6680 | 6580 
RID RiGee aha Piet eh Let haa MB OFTA eRe 5 4.5 | 5765 | 5840 
Rib, - - - - - | 565 | 75.5 | 20.5 — 4.0 | 6060 | 6180 
Us k=) + 5 mabe FO UN) OL, 0115406 a 3:5 | 4445 | 6720 
PVELAB eT oN yy) = ote tl 782 eas aa 4.0 | 5425 | 6245 
Loin, - - - - i 5701] S85. sOs3 =F 5.2 | 5440 | 5565 
Mutton. 

Chops, - - - ~ | 485°1-37,0:) 60.3 — 2.1 | 7680 | 7780 
Chops, - - - =) 405 ul-30.2 1) 0549 — 1.6 | 8005 | 8060 
ANCOR ES a) 94 oo ah en ee BE OaeG os 1.9 | 7845 | 7920 - 
Leg, - - - - « A003) On Of — 2.0) 771 5:\ 7ao 
Dee ae ein He ro ee BF OO aaa Od ate 3.4 | 6695 | 6855 
ANSrAver si A. - -| —~ | 48.41 48, — 2.7 | 7205 | 7800 
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; CARBOHY- FuEL VALUE 

o DRATES,. Per GRAM, 
za) es Ee 

5 Snes 

Z q ® : 3 3 

Foop MareriaLs. by 3 a ee ered 3 as 

So rar |W ce See age ec 

Aa pata a | 8 

2 ™ | 3a eas 

4 A < Z 

, i, , L, Cal Cal 

Pork. - : Eee aa és 

Chops, - - = a 4S@ 32. th OO, 1 — 1.8 | 7915 | 8055 
Chops, - '- - -'| 486) 29.3 | 69.1 — 1.6 | 8035 | 8140 
‘Chops, - = = - | 497 | 31.9 | 66.2 — I.9 | 7910 | 7870 
Average, - - ee toa CRRA y eh — 1.8 7955 8020 
Bacon, - = - = i-4o2 10:4 |. 86,1 — 3.5 | 8575 | 8625 
Smoked ham, : - - | §36/ 62.4 | 24.5 — 13.1 | 5715 | 5790 
Smoked ham, : - = | 538:1.46.4-) 39.9 — 13.7, 6260 6200 
Smoked ham, - : 2h 53 41-0) goss — 10.7 | 6745 | 6700 
Smoked ham, . - ehh 500 44322014502 + 11.6 6575 6540 
Beiaee = = | 28.271 99,6 ae 12.3 63825 6310 
Salt pork, - - = co ies ST Anon OTE? _ 3.7 | 8780 | 8885 
Salt pork, - - - a See Teo ane Oar = 3.5 | 8895 8885 
Average, - - -| — | 8.4) 98.0 a 8.6 | 8840 8885 
Turkey, right Bae - - | 487} 37.4 | 60.9 — 1.7) 77207670 
‘Turkey, left side, - =) P40 1))-35.08) 59.6 — 1.8 | 7665 7595 
Peragee- i = = i | 88.01} 60.8 — 1.7 | 7695 7630 
Fresh cod, - - - = heb 5 AWOL. Ol) | Qed — 5.7 | 5280 | 5535 
Oysters, - : - - 1) 563)1(62.1°) 10.2 19.0 8.7 | 5145 | 5290 
Cottolene, - - - “1 552 —— o1OOO == — | 9300 | 9560 
Pesce = | 404 1 421) 5407 —— 3.8 | 7345 | 7065 
Eggs, - - - - = 6.5081 54.82) 41.6 — 3.6 | 6885 7015 
Average,- - - -| — + 48.4 147.9 — 3.7 | 7115 | 7040 

Dairy Products. 
Cream cheese, - - he 549043030) S25 ue ve. 5.3 | 6750 | 6715 
Butter, - - = RAE SOT OSet — 4.1 | 8890 | 8870 
Butter, 4 ' = - | 4150 .8 | 96.0 — 3.2 | 8965 | go0o 
Butter, - = - - |4158] 1.3] 92.0 — 6.7 | 8630 | 8030 
Average, - - - io 1.0 | 94.4 oe 4.6 | 8830 8635 
Milk, - - = A =. PAPAS W265 63403629 33.8 5.6 | 6060 | 6075 
Milk, - - - - - | 4144 | 253213237 36.0 6.1 | 5905 | 6050 
Milk, - - - = - | 4146 | 26.8 | 38.7 29.2 5.3 | 6205 | 6275 
Wetlic. i - - - ~ | A147 $27.8 | 3055 PGS 5.6 | 6310 | 6635 
Milk, - <- - - = | 414d62750. 54.0 3251 6.0 | 6010 | 6365 
“Milk, - - - - | 4153 | 24.8 | 38.5 31.0 4.8 | 6255 | 6565 
Milk, - - “ - - |4154| 24.0] 41.8 29,1 5.1 | 6400 | 6785 
Milk, - - - - = ATSS 28.4) 375 29.4 4.7 | 6258 | 8378 
Milk, - - ahh wh - |4156/ 26.6 | 40.4 274. 5.6 | 6341 | 6006 
Milk, - - - : tA LS 7 BOsk he 7.0 35.5 7:4 | 5627 | 5850 
Average, - : - -| — | 26.7 | 36.5 31.2 5.6 | 6135 8500 
VEGETABLE FOODS. 

Potatoes, boiled, - - =i, 5600 LOey 5 84.3 4.5 | 4095 | 4115 
Potatoes, uncooked, - SSE OmaL DAO, 7 83.8 3.9 | 4140 | 4155 














154 





Foop MATERIALS. 


Sweet potatoes, - - 
Turnips, - - - - 
Squash, - - : 
White beans, - = 
Macaroni, - - - 
Shredded cocoanut, = - 
Pearl tapioca, - - 
Dates, - - - 
Citron, - “ - 
Gelatine,  - o “ 
Bread, quaker, - - 
Bread, Saratoga, - - 


_ Bread, home-made, _ = -. 


Bread, domestic, - - 
Bread, cream, = : 
Bread, potato, - - 
Bread, cornmeal, - 

Average, - - - 


Milling Products. 


Wheat flour, Z - 
Wheat flour, - Z 
Wheat flour, - - 
Wheat flour, - 
Wheat flour, : P 
Wheat flour, - - 
Wheat flour, | a = 
Wheat flour, : - 
Wheat flour, - - 
Wheat flour, ~ P 
Wheat flour, 2 - 
Wheat flour, = = 

Average, - S : 
Entire wheat flour, 2 
Rye flour, - a = 
Buckwheat flour, - - 
Rolled oats, i 
Rolled oats, ‘ a 

Average, - - & 
Quaker oats, = sd 
Wheat germ meal, - 
Corn meal, - - ft 


Corn meal, - H x 
Corn meal, - a 4 





Laboratory Number. 





eS 7. 
ua 7s 
Pei cient 
- | 479 
rl Sood 
- | 549 
ae Beh 
- | 580 
=a SOL 
- | 480 
<a soo 
- | 581 





~ 1° 382 
mae 05 0) 
= 7992 
ap es eI 
i 65'S B 


- | 582 
Paros 
- ' 545 





- | 1305 
- | 1300 








Protein. 


14.8 


$939 
14.3 
16.3 
14.1 
15.0 
14.9 
15.2 

















| Fat. 


St 


OV 
OV Om N UIUL 


DORDOO ODOR DR OMNNOOHUUO 


Ln 


La 








1.4 


OnNOMUIAvdN dD ADA HAAR 


HN COCNTO HH N EBH HH WH 


TABLE 45.—( Continued. ) 


CARBOHY- 
DRATES. 


Fiber. 
Nitrogen-free 
Extract 





99.1 
88.8 


97-4 


81.8 
80.9 
82.9 
81.4 
75.0 
81.9 
S2rt 


80.9 


83.7 


81.8 


80.2 
88.0 














Ash. 





% 


WOON 


~ 
Mod WwW O OH OH PORHNOODHON 


Db FY NHN HN HR 


Las 


DHODOKYTONANAA DAY AAMAAH D 


STORRS AGRICULTURAL EXPERIMENT STATION. 


FuEL VALUE 
Per GRAM. 


S | As Calculated. 
‘As Determined. 


0 | 
Ss 


4040 
4125 
4200 
4565 
4565 
7340 
4170 
4050 
3965 
5000 
4460 
4405 
4390 
4415 
4425 
4400 
4475 
4495 


4085 
4210 
4270 
4430 
4345 
7595 
4100 


4395 
4100 
5235 
4310 
4275 
4265 
4285 
4365 
4270 
4265 

4290 





4330 
4315 
4330 
4380 
4345 
4350 
4360 
4355 
4360 
4325 
4320 
4340 
4345 
4400 
4270 
4235 
4740 
4695 | 4 
4720 
4665 
4365 
4300 


4375 
4340 
4355 
4345 
4400 
4440 
4380 
4705 
4425 
4345 
4510 
4715 
4445 
4410 
4290 
4325 
4995 

4905 
4950 
4910 
4550 
4405 





4485 
4460 


4505 
4520 
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1$5 








Foop MATERIALS. 


Corn meal, - - 

Average, - , - 
Oil meal, ~- : 
Gluten meal, 2 
Wheat bran, = 
Wheat bran, e 
Wheat bran, - 
Wheat bran, : 
Wheat bran, “ 

Average, - - 


Mixed Grain, 
Linseed mixture,* 


- Linseed mixture,* 
Average, - - 


Corn meal and cotton seed meal,| 11936 20.7 


Cob meal, - - 
Seeds. 


Oats and peas, ground, 
Oats and peas, ground, 
Average, - - 
Soy beans, - - 
Soy beans, - - 
Soy beans, - - 
Average, - - 


Timothy, - - 
Timothy, - - 
Timothy, - = 
Timothy, - - 
Timothy, - 
Timothy, - “ 

Average, - 5 
Rye grass, - E 
Early cut hay, - 
Early cut hay, - 
Early cut hay, - 
Early cut hay, - 

Average, - - 
Scarlet clover, - 






































rls CARBO- 
S HYDRATES. 
8 —_— Eee 
=] . 
Z a= a ® 
SURO icky tras ii: 
eer eas 2 | &h 
8 eo ae 
= Z 
% % % to 
- |12699) 9.7) 4.0) 82.4] 2.6 
St L0, 0) eee 84.2 
=| t£4870|. 30.2 1912.9) 10;0'| 42.7 
owiek2O 7 £3, Fier belan O82 0° 16, OL 9 
-+| 1208] 20.5] 5.9 | 60.5 | 7.4 
=) E301) 18.9 |e 5:0.) 50.0) F1.2 
= | -8304-10.9)| 55.0.) 57-2.) Lilet 
- | 1306) 18.4 | 5-7 1-59.21. 10.3 
-)| 13935) 98,0} 5.0.1 59.3 Meeies 
= am 19,2 5.7 58. 10.3 
= he E302) 33.0 ia Or 2H fon jeer Ory 
=} 13301 33.0.\6 0:12) 4os0 0.0 
F oT | 33.4 6.1 48.9 6.8 
6.21 3.5 | 66:3. 
= |'1209| 9.6) 5:4 )-81.6:) 01.6 
| 
=) 1303\27.0.) 2.0153 oue 7.5 
- | 1340] 25.1 | 2.8/| 59.8] 8.6 
pubes! gil0G. 190.0059 S01 6.0 
=") 1303140, 21) 13.1 30.01) 95.0 
CNET 3641'40.0 LTP 3t.Ou) 6.4 
=) £365) 42.5 5) 16.2.) 20.4.1 94s5 
-| — | 40.9 | 18.1) 30.3) 5.0 
| 
| 
= IO00O)@ O.1 | 3.5.) 40.9.) 33.0 
- | 1007| 10.4 | 3.6 | 48.1 | 31.1 
- | 1355/ 11.6] 3.2 | 43.4 | 36.2 
= ESO). O89 2.75215 a rey 
- | 1357/ 19-5 | 3.2 | 33-7 | 37-9 
adh 1958) 2 7.01,13.02)45..0 757.4 
~ | — 120.9 193.3 | 46.1 | 34.5 
= [| 1O0S\;52.0)) 259" 48.7 127-7 
af et o2el To OMe Onl Ad. 2454.0 
ai £3200 Mens VSO as. A So P7 
- | 1327) 12.1 | 3.9 | 42.9 | 35.3 
a) | TA28i-2. 240 e375 AA. 91) 33.3 
—4 ars 12.2 3.9 44.4 33.8 
= SA TE LOvO WS OnsQi4u 2505 











* One part corn meal, 3 parts old process linseed meal. 














Ash. 








=| 


SPOS So Pas 
DW fo OU DW 





rs hoe ee 
O62 9 co co 





CIN D GY \9 
SI mH “SIinI C 





cn ADWONWHNNAID Don 





Oo CIANM WHIM AN Ov 


FuEL VALUE 
PER GRAM. 


As Calculated. 


4690 


4690 
4575 
4450 


4470 
4445 
4460 
5355 
5375 
5420 
5385 


4450 
4460 
4195 
4075 
4305 
4170 
4975 
4455 
4245 
4255 
4235 
4230 
4240 
4205 








As Determined. 





4735 
4750 
4745 
4620 


4545 


4530 
4515 
4525 
5495 
S510 
5535 
5515 


4810 
4850 
4595 
4515 
4530 
4545 
4640 
4745 
4515 
4505 
4520 
4505 
4510 
4370 
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: CARBOHY- FuEL VALUE 

© DRATES. Per GRAM. 
Q - —— 

5 E 9 3.13 

Foop MaTERIALs. > ‘o a fo a < a 

5 S| oe Dee pte bas E 

< Ay 5 bo 33 2 3 

8 Ee Be 5 | 8 

loa 4 ee Eek 

q, % % % % Cal. i7Gal 

Scarlet clover, ~ 2 - | 1342| 16,9 | 4.1 | 43.2 | 27.1 | 8-7) 410Ow aaa 
Scarlet clover, - - - | 1343] 18.7] 4.7 | 39.6 | 27.0 |10.0| 4195 | 4355 
scarlet clover,  - - - | 1344] 12.5) 4.4 | 32.3 | 37-9 |12-9| 3975 14505 
Scarlet clover;: - - - | 1345] 12.5 | 5.2 | 33.1 | 36.0 |13.2| 4005 | 4610 
scarlet clover, - - - | 1346] 12.6} 4.3 | 33.6 | 37.0 |12.5 | 3990 | 4550 
Scarlet clover, - ~ - | 1418] 16.4 | 2.1 | 36.7 | 36.3 | 8.5 | 4090 | 4375 
Average,- - - -| — | 15,6} 4.3 | 86,8 | 32.4 |10.9/ 4095 | 4455 
Tall meadow oat grass, - | 1347|. 8.0| 3.0 | 45.0] 36.7 | 7-3 | 4070) 4a7s5 
Tall meadow oat grass, - | 1348) 7.60.| 3:2 144.1 1-37-41 7-7 4On sue oe 
Tall meadow oat grass, - | 1349] 8.7 | 3.2 | 45.5 | 35.9 | 6.7 | 4115 | 4520 
Tall meadow oat grass, - | 1350] 11.5 | 3.4 | 42.6 | 35.7 | 6.8 | 4155 | 4625 
Average,- - - -| — | 9.0) 8.2 | 44.8 | 36.4 | 7.1 | 4100 | 4580 
Tall meadow fescue grass, - | 1351] 6.0| 2.4 | 40.2] 44.4 | 7.0 | 4020 | 4395 
Tall meadow fescue grass, - | 1352} 6.0] 2.4 | 50.3 | 34.1 | 7-2 | 4010] 4110 
Tall meadow fescue grass, - | 1353] 6.9] 2.7 | 45.9 | 37-1 | 7-4 | 4035 | 4395 
Tall meadow fescue grass, - | 1354; 9.6] 3.1 | 39.7] 39.1.| 8.5 | 4045 | 4655 
PAPeT AGE, Go bari aga? ge 7.1| 2.7 | 44.0 | 38.7 | 7.5 | 4030 | 4890 
Orchard grass, - - - | 1359} 7.6] 3.0 | 44.61-37.0 | 7.8 | 4045) 4a7@ 
Orchard grass, - - - | 1360] 7.2] 2.8 | 43.2) 38.1 | 8-9 } 3905%naeus 
Orchard grass, - - - | 1361] 7.9] 3.5 | 43.7 | 36.3 | 8.6 | 4045 | 4365 
Orchard grass, - - - | 1362] 10.6 | 3.5 | 41.6 | 36.2 | 8.1 | 4095 | 4450 
Average,- - - -| — | 88] 8.2 | 48.3! 36.9 | 8.3 | 4045) 4395 
Hay, -  - ~- =~ «= } 8997] 6:5 | 2.3 | 35.5 | 50.2\| 5-5 | 4085) page 
Hay, - - - - - | 8795} 8.1] 2.1 | 35.6 | 48.0 | 6.2 | 4070 | 4420 
Lay. - - - - |I2I24| 9.2) 2.4 | 36.2 | 46.8.) 5.4 | 4130 ae 
Hay, - - - - - |12568) 7.7 | 2.2 | 36.7] 48.8 | 4.6 | 4135 | 4440 
Hay, - - - = = |14509] 7.4} 2.2 | 35.0] 50.4 | 5.3) 4115) 45m5 
Average,- - - -| — | 7,8/ 2.2 | 35.8} 48.9 | 5.3 | 4105 | 4435 
Cow pea vines, - - - |-1366| 18.8 | 3.8 | 41.1 | 23.4 112.9) 4035) 4300 
Cow pea vines, - - - | 1367| 17.8 | 4.3 | 44.5 | 20.9 |12.5 | 4060 | 4265 
Cow pea vines, - - - | 1368] 20.1 | 4.0 | 42.9 | 20.3 |12.7| 4070 | 4285 
Average, - »- = =| — 1/189} 4.0 | 42.97-21.6 (12.7) 4CoSiegae 
Barley and pea fodder, - | 1369] 20.9] 4.4 | 40.2 | 25.7 | 8.8 | 4265 | 4555 
Barley and pea fodder, - | 1371} I9.1 | 4.0 | 41.2 | 26.3 | 9.4 | 4190 | 4520 
Barley and pea fodder, - | 1373| 20.71 4.8 | 42.4 124.3 | 7.8) 4320 ees 
Barley and pea dees - | 1375) 19.4 | 3:5°] 43.4 | 26.0.) 7.7 1 42400m ee 
Average, - - -| —*}-20.0) 4.2 141.8 | 25.6) 3:4) 4250e eae 
Barley fodder, - - - | 1370] 16,1 | 3.9 |-44.7 | 26.6.|.8.7 | 4175 ages 
Barley fodder, - ~ - | 1372] 15.3 | 3.9 | 39.1 | 32.2 | 0.6 | AT 20 qeetGs 
Barley fodder, - - - | 1374] 15.7] 3.9 | 44.0] 27.2 | 9.2 | 4145 | 4545 
Barley fodder, - - - | €376).14.2 | 3.7) 48.41. 26.4 -7.3:) 41 OC 
Average, = = = = |) = 1 16.8-118.9 | £40) 26.115, 7) SOC eae 
Corn fodder, - - = |T2E25) . 7.0) 2265 127.7 156.2 | 0. 1epaG7On eno 
Corn ensilage. - - ~ | 1377) 7:8) 320 1°5953°| 25-0 100.0041 eae 
Rowen, - - - - | 1399} 16.2 | 5.3 | 39.9 | 30.5 | 8.1 | 4270 | 4650 
Rowen, - - - --| 1400} 17.2.) 5-3? } 41.7 | 28-3.) 7. § 43 Ona 
Average, = 9 = =) |. = 1627-1558.) -40.8) 25.407, See 0 aera 
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t CARBO- FurL VALUE 
ae HYDRATES. PER GRAM. 
: at ME 
ea RA : lo eoatmees 
Foop MarteErIALs, > = a : Ga | GZ = aS 
2 a ieee ae he E 
5 crlihe a 3 g 
a ie ean be = 
= A < s 
G % % % %, % Calimcals 
feces. : ae eles Sa 
Ria se Pee eal 42.3 |2aie 18.6 14.6] 5365 | 6070 
Man, - - - - - | 873) 24.3 9.0 44.1 | 22.6] 3980 | 6005 
Mame == | Bal eto) TA.9 38.4 | 24.8] 4165 | 6030 
Maths - - - - | 585) 46.5 | 14.6 23.6 15.3] 4880 | 5600 
Average, - = . -{| — | 33.8) 15.7 31. | 19.3] 4600 | 5925 
SM | 
Sheep, - ~ =" = | 1307) 16.6) “4:6 }-26.4 | 42.5) 9.0) 416514700 
Sheep, # - = - | 1308] 15.5 | 4.1 | 25.0] 45.6] 9.8] 4125 | 4680 
Sheep, - - + =| 1309] 16.2] 4.5 | 26.4 | 41.3 | 11.6] gogo | 4665 
Sheep, Pee oe 151011 See) 0527 | 25.040. 0) 10.7) 400s babes 
Sheep, - - - - | 1311/ 15.8| 4.2 | 25.7 | 42.7 | 11.6 4065 | 4585 
Sheep, = - - - | 1312) 16.5 | 3.3 | 26.8 | 40.6 | 12.8) 3980 | 4520 
Sheep, ee = 1305) 18.5 | 25.0) 25.7 1k40. ule 9-9) 4205 4780 
Sheep, ees = paral 18.8 | 4.1 26.2.) 41,24) 49.7) 418044738 
Sheep, 7 - * =f, L205) 12,07) 63.7. SQ. Au 32.7) 12-2) 3000) A0kO 
Sheep, ee = © = 9384lw4.6 | -4.611.36-2 1-32-97 | T1.9'.400054710 
Sheep, eRe a ay (31 1485) TObon 4 8.) 35.8) 98,0 h 10,0) Aoms arse 
Sheep, - - - =| 1386] 1284 | 4:8 131.2 | 36.7 | 11-0) 4035 |.470% 
Sheep, - - - - | 13951 15.0| 7.6 | 28.0 | 39.4 | 10.0, 4295 | 5040 
Sheep, = = =. =| 1396)'14.9} 7.8 | 26.0 | 41.1 | 10.2| 4300 | 5070 
Sheep, See eh ee Pag geT ayo | 9.8526.3 42.010 <1) 330.4 5070 
Sheep, - - - - | 1398] 15.7|- 8.3 | 25.9 | 39.8 | 10.3) 4330 | 5160 
Sheep, - - - - | 1401| 14.9| 7.1 | 28.9 | 38.2 | 10.9) 4230 | 4995 
Sheep, - - - - | 1402] 13.4] 7.5 | 31.3 | 42.2] 5-9) 4445 | 4980 
Sheep, - - - - | 1403| 14.1 | 7.3 | 28.7 | 39.6 | 10.3] 4255 | 5010 
Sheep, - - - - | 1404] 15.4 | 7.9} 23.8 | 40.4 | 12.5] 4215 | 5005 
Sheep, - - - - | T4190] 11.1 | 2.2 | 46.1 | 31.4 | 9-2] 3995 | 4565 
Sheep, - - - - | 1420] 11.4| 2.3 | 46.0 | 29.6 | 10.7) 3940 | 4560 
Sheep, - - - =") TA421) 41,2] 234.) 42,5) °94.1 179.9) 308014535 
Sheep, - - - = ASI AZ2her i 7 e262 A357 32.0 O- Sh S000 4505 
Sheep, - - = - | 9292} 8.0] 2.6] 41.0 | 40.6} 7.8] 4030 | 4630 
Sheep, = - ~ =f 9293\, 7.8.) 2.5 | 41.0 1 Al.0,) *7.7 4025-1 4010 
Sheep, - - - - | 9294) 7.3| 2.3 | 43.2 | 40.3 | 6.9] 4o4o | 4615 
Sheep, - - - - |10145| 8.2] 2.4 | 40.9 | 41.7 | 6.8] 4065 | 4800 
Sheep, = - : - |10146| 8.6] 2.4] 41.3 | 40.1 | 7.6] 4030 | 4705 
Sheep, - - : - |10147| 7.9| 2.3 | 39.5 | 43.5 | 6.8) 4050 | 4700 
Sheep, - - - = |12803} 7.6} -2.2| 49.5 | 34.7 | 6.0) 4075 | 4765 
Sheep, - - - =. £2804) 8:0) 92.31 45.04 37.8, :0:3|4075 | 4700 
Sheep, - - - - |12126) 13.8| 2.4] 33.8 | 40.1 | 9-9] 4o10| 4615 
Sheep, = : - = NEST2 713.91 225.1 20. 71-4475 | - 9-0) 403014620 
Sheep, - - - VT 22S) F207 2.40 AT. S16 34.7'1 0.2), 4070)| 4505 
Sheep, - - - - |12562] 16.4 | 3.0] 32.0 | 39.7 | 8.9] 4120 | 4675 
Sheep, - - - - |12563| 17.9 | 2.4 | 24.2 | 45.8] 9.7| 4080] 4580 
Sheep, - - - - |12564| 14.8| 2.0| 28.5 | 45.5 | 9-2] 4035 | 4560 
Sheep, - - - - 114958} 8.8] 1.7] 45.9 | 36.8] 6.8) 4035 | 4725 
Sheep, - - - - |14959| 9.9] 1.7] 44.0 | 37.8 | 6.6) 4055 | 4810 
Sheep, - - - - |14960| 9.6] 1.5 | 41.8 | 40.5 | 6.6) g4qo | 4655 
WAverage,- - - =| — |12.9| 3.9) 04.4) 89.4| 9.4) 4110) 4780 
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METEOROLOGICAL OBSERVATIONS. 


BY G.cS;, (PBEM Ss; 


———_# ¢ @—__—_- 


The meteorological observations made at the Storrs Station dur- 
ing 1894 have been similar to those of past years. The Station 
equipment consists of the ordinary instruments for obtaining 
temperature, pressure of the air, humidity, rainfall and snowfall, 
uniform with those used by voluntary observers for the U. S. 
Weather Service. In addition to the records made at Storrs, the 
rainfall for the growing season has been recorded by farmers 
conducting field experiments for the Station, and a few other 
voluntary observers. 

The total precipitation for the year (33.3 inches), as measured 
at the Station, was far below the average. The average annual 
precipitation for six Connecticut stations of the New England 
Meteorological Society, having records covering a period of ten 
or more years prior to 1890, is 49.1 inches. The average at 
Storrs for five years ending with 1893 is 46.8 inches, and includ- 
ing 1894 the average for six years is 44.5 inches. The monthly 
precipitation was least during the growing season (May—Novem- 
ber). In many places the drouth became unusually severe during 
June and July, so that the hay and grain crops suffered consid- 
erably. | 

The temperature for January was a little above the average, 
while February was three degrees below the average, and March 
several degrees above. The spring opened later than usual. 
The last severe frost occurred May 15th, doing considerable 
damage to early vegetables. ‘The summer was quite hot and 
dry with light rainfalls till September. Very light frost appeared 
on low ground September 12th, and the first killing frost occurred 
September 26th. This gave a growing season of 134 days since 
the last killing frost in the spring, while the average growing 
season since the Station began observations in 1888 is 143 days. 
The temperature for September and October was above the 
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average, and the conditions were favorable for harvesting most 
crops. Heavy snow came unusually early (November 6th), and 
many farmers had turnips and celery badly frosted. 

Through the kindness of the New England Meteorological 
Society we are able to publish the rainfall records from sixteen 
of their Stations. 

Table 46 gives the rainfall as recorded for the six months end- 
ing October 31st for twenty-three localities in the State, and table 
47 gives the summary of observations made by the Station at 
Storrs. 


TABLE 46. 
Rainfall During the Six Months Ending October 31, 1894. 











IncHES PER Monru. 












































LocaLiry. OBSERVER. g 8 ts ae 
ral io > fs} fe a SS 
eta is: Paes eee CO ThE Piso 
6 Ate eon ead eal ee 

Ww 

Falls Village, -|°M..H. Dean,  - - | — | .86/1.35] .57/4.4414.06| — 
‘Norwalk, - Siete. Omstock, = - |4.8811.49| .83/1.23/5.52|5.86)19.81 
Greenfield Hill, - | Sanford Jennings,* ~- |6.15| .87| .70,1.64|/4.68/5.61/19.65 
Bridgeport, - - | William Jennings,* - |6.1211.38] .69,2.29/5.8617.25/23.59 
Waterbury, - malNe bs Weltor,* ¥- - 17.58] .54/2.43]2.41/5.35/4.91/23.22 
mem rartford, =} KR..R.Smith,* - - 15.48/1.77/3.71/1.29/5.64/6.46/24.35 
Canton, - me Cras). Case. - - 15.58] .58/1.92] .73/5.58/6.46/20.85 
West Simsbury, - | S. T. Stockwell,* - 15.47] .59/1.95| .75|5.71|6.34/20.81 
Southington, - | Lumen Andrews,* = - |6.85] .65/2.00|2.15/5.60/6. 30/23.55 
New Haven, - | Weather Bureau,* = - {4.49} .49/2.40]/1.70/4.63/6.11/19.81 
Wallingford, - | Mrs. B. F. Harrington,*|4.56) .65/1.16/2.23/4.88]7.07|20.55 
Hartford, - eulelrotenst tart. ae - 15.63] .3111.44/2.44/5.82/6.50)22.14 
South Manchester, | K. B. Loomis, - - |5.26) .66/1.70/2.84|2.37/5.42/18.25 
Middletown, - | C. W. Hubbard,* ~—=- _|5.29] .39/1.10]1.33/3.55|8.00|19.66 
Madison, - SEDC ICCISOV Ea (ta - | — | — {1.17/2.76/3:71|8.29| — 
Lake Konomoc, - | New London W, W’ks,*|3.9!| .64| .93/1.35/2.09/6.77/|15.69 
New London,’ ~- | Weather Bureau,* 3:53) ©63)0.4412001/2.50/7.21117.21 
Colchester, - Seer ah Wallard ep - 14.03] .49|2.05|1.07/3.01/5.83|16.48 
Lebanon, - - | E. A. Hoxie, - ° - |4.11| .66)2.06/1.73/2.48/5.96|17.00 
Lebanon, - ere jackie Lucker, |= - |4.63/1.08/1.35/1.51] — |5.75| — 
Storrs, - - | Experiment Station, - |3.58| .59/2.09/2.37/3.01/4.16|15.80 
Ekonk, - - | George H. Gallup, - | — | .55| .41/2.15/2.63} —| — 

~ Voluntown, - ai Rev. C. Dewhurst;* --)4:2611.42|1.83/2,22)2;30/8'64|17.06 
peragey tet) | - - - 6,07) .75)1,65/1,81)4,15|6.18)19.79 








* New England Meteorological Society Observer. 
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COOPERATIVE FIELD EXPERIMENTS WITH 
FER TICIZERS: 


DY Ci oar hee Pa 


——o + @—__—_- 


The field experiments conducted by the Station at Storrs and 
in different parts of the State have been mainly ‘soil: tests.” 
Owing to the severe drouth which was so generally unfavorable 
to farm crops during July and August, most of these experiments 
were more or less injured. At best the deductions from any one 
experiment are mainly applicable only to the particular soil upon 
which the experiment was made and, to some extent, to similar 
soils in the immediate locality. When a large number of experi- 
ments, covering a great variety of soils in different localities are 


‘studied, some general deductions may be made. This has been 


done in Bulletin ro and in the Fifth Annual Report, 1892, of this 
Station. The great number of soil test experiments there com- 
piled show that heavy, clayey soils, in Connecticut, are generally 
lacking in phosphoric acid, while the lighter, more sandy soils 
show, in general, a lack of potash. 

The object aimed at in these experiments has been to study the 
soils of different regions of the State and learn their deficiencies, 
and thus to help the owners to find how to apply fertilizers so as 
to meet the needs of particular soils and crops in an economical 
manner. In many cases where experiments have been made we 
find farmers as well able to look after the details of the work as 
a representative of the Station. As the Station has taken up so 
many other lines of work it has been thought best not to continue 
‘soil tests”? as a regular branch of our work, but as far as indi- 
vidual farmers wish to test their own soil, to give instruction and 


‘advice. : 


The following persons and organizations have codperated in 


this class of experiments during the past year: 
POST OFFICE. 


J. M. Hull, - - - - - - = Madison. 
dale welsey, - 2 - r . - Madison. 
Eek Clauss; - - - - 2 2 Rockville. 
Bkonki Grange, {> - : - = - - Ekonk, 


The Station, = - - - - = Pe Storrse 


11 
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We are glad to announce that one Grange in the State, which 
owns a small farm, has invited the Station to aid it in conducting 
a series of field experiments. | 

In connection with most of the experiments rainfall records 
have been kept during the growing season. These, with the 
records from quite a number of other localities in the State, will 
be found on page 159 of this Report. From these records it will 
be seen that during that part of the season (June, July and 
August) when the corn crop most needs moisture the rainfall was 
very deficient. 


POUNDS REQUIRED FOR A BUSHEL OF DRY SHELLED CORN, 


The percentages of water at harvest in the corn of the different 
experiments are found to vary considerably. The field weights 
are not-an accurate measure of the value of the cropaagiiie 
moisture and the proportions of cob to corn vary widely on dif- 
ferent fields, but have been found to be fairly uniform on differ- 
ent plots of the same field. Moisture tests of the corn, at the 
time of harvest, have been made for all but one of the experiments 
in order to find the number of pounds of ears required to make a 
bushel of dry shelled corn. The differences in the percentages 
of water-free corn may be ascribed to two causes; variations in 
the proportion of corn to cob and variations in the moisture con- 
tained in the ears at harvest. 


TABLE 48. 
Percentages of Dry Matter of Corn in Ears (Grain and Cob) and 


the Number of Pounds of Lars Required for a 
Bushel of Shelled Corn. 























: Pounds of Ears at 

Water-free Corn in Harvest to Equal 

Samples (Ears) at | 6 lbs, Shel’d Corn 
NAME AND LOCALITY. Harvest. with rr % Water. 
Good. Poor. Good. Poor. 
d, q Lbay,)s) ea Boe 
J. M. Hull, Madison, ss > = 68.4 61.1 yee 81 
J. D. Kelsey, Madison, - - - 61.6 Res 81 go 
E. K. Clauss, Rockville, - - - 70.0 62.7 ih i 79 
Ekonk Grange, Ekonk, - - - 50.4 43.0 98 I15 
Station, Storrs, - - - - - 59.5 56.8 84 87 








The differences seen in the table point out the importance of 
knowing the moisture in the crop of each field instead of depend- 
ing upon averages. From 70 to 75 pounds are commonly 








FIELD EXPERIMENTS WITH FERTILIZERS. 163 


considered a sufficient weight of ears to make one bushel of dry 
shelled corn. In these experiments an average of 81 pounds was 
required for the good corn. 


SOIL TEST EXPERIMENTS. 


The plan of experiments for soil tests consists in applying, on 
parallel plots of land, fertilizers containing nitrogen, phosphoric 
acid and potash, singly, two by two, and all three together. The 
fertilizing materials were in all cases supplied by the Station in 
standard commercial forms, such as nitrate of soda, dissolved 
bone-black, and muriate of potash. In all of the experiments 
here described, the cost of the fertilizer is estimated from the 
retail selling prices of the materials, plus $2 per ton for mixing 
and freight. 

In most of the experiments a number of plots were added to 
the regular soil test. The object of these plots was to study the 
question of the most profitable mixture for use on particular 
soils. 

On the following pages, the comparative yields of the experi- 
ments discussed are shown by means of diagrams. The fertili- 
zers and the weights are given at the left of’the diagram. The 
length of the lines represent the comparative yields per acre 
from the different plots, and the figures given in the last column 
show the actual yields per acre. 

At the close of this article will be found a series of tabular 
statements, giving the results in detail. In all cases, the yield 
of shelled corn per acre is reported on the basis of 11 per cent. 
' water, and the stover on the basis of field weights. 


EXPERIMEN POGY Eke CEAUSS, 


The field upon which this experiment was located had been in 
grass for quite a period of years and was considerably “run 
down” by constant cropping without manures. One end of 
plots I and K extended onto ground that had been planted to 
potatoes the year before, and this may account in part for the 
small yields on those plots. The soil is a medium heavy loam 
with a gravelly clay subsoil. From the diagram it will be seen 
that the plots to which phosphoric acid (from dissolved bone- 
black) was applied, gave better yields than those where no 
phosphoric acid was used. This is in accord with many other 
experiments on similar soils. 
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SOIL TEST WITH: FERTILIZERS: ON CORN: 
By E. K. CLAUSS, RockvILte. 









































3 Races YIELD SHELLED Corn PER ACRE. 
A, | : (11 % Water.) 
: | = bse f a 
Zz | ind. per Comparative Scale. u. 
' Acre. 
oO, Nothing, - - 8 SE 38.2 
A, Nitrate of Soda, = LOO STEED LT PEE I ES 2S: 
B, = Dis. Bone-black, - (320 | eesmmmmsssnrssees=an ena =s=e=e === Piee' 
( | Muriate of Potash, 160 AWG EB TS, 41.6 
{ Nitrate of Soda, - SSS ) 
D: ( Dis. Bone-black, - |320 § oie 
(N Vitrate of Soda, - |160/ 
( Dis, Bone-black, - |320 
| oe of Soda, - |160 
G, Dis. Bone- black, 320 RRM ER SPR DI TD 51.2 
| Muriate of Por 160 0 | 
oo, Nothing, - - | ST 42.8 
( Nitrate of Soda, - |125 
H , Ammonite, - - |T00 } 
’ Muriate of Potash, 200 | LT 50.7 
LS.C. Dis. R’k Phos.,|350 J 
P. Cooper's Bone, |300 ] 
I, Nitrate of Soda, - 175 46.3. 
Muriate of Potash, |200 
, | | Dry ground Fish, - |510 
= ’ Muriate of Potash, |200 Nis: 





EXPERIMENT BY J. M. HULL. 


The field where this experiment was located had been in grass 
the previous year, and, owing to a poor “catch,” gave but a 
small yield. The field was sown to oats in 1892 and seeded to 
grass with the oats. When plowed in the spring of 1894, pre- 
paratory to the experiment, there was a thin turf of grass and 
clover. The soil is a light loam with a sandy to gravelly 
subsoil. The field sloped somewhat toward the first nothing plot 
(o) and the yield on that plot was no doubt considerably 
increased by the more favorable moisture conditions there found. 
For this reason it has been thought best to use only one nothing 
plot (co) for calculating the gain on the other plots. Plot oo 
seemed to represent much more nearly the average condition of 
the soil. The results on plot H are omitted because of an error in 
planting. Thesoil on plots F and G was somewhat more gravelly 
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than on the other plots, and the crop there seemed to suffer more 
from the effects of the drouth. Nitrogen (from nitrate of soda) 
seemed to give the greatest increase of crop in this experiment, 
although all three of the fertilizing ingredients appeared to be 
somewhat lacking in the soil. 


SOIL TEST WITH FERTILIZERS ON CORN. 
By ech M. HULL, MADISON. 


| 














YIELD SHELLED CoRN PER ACRE. 


























= FERTILIZER. PW) 
¥ Lbs. 
7, Kind. per Comparative Scale. Bu. 
, Acre. 
O, Nothing, = = oS EES RE TTS PLC EE ES EE ETI 49.7 
A, Nitrate of Soda, =~ TOO ‘SRR Ee SA NE RET WYO REE ES 52.4 
B, Dis. Bone-black, - | 320 | qeemmsnenenesesran=ssn ee t= 0S Filey 
cA Muriate of Potash, |160 | smmmemmuenessnenEEC 50.4 
D Nitrate of Soda, - |160) 
: Dis. Bone- black, =< (320° | (> 
Nitrate of Soda, - |160 
eo Muriate of Potash, 160 sr 
Dis. Bone-black, 320 
ee Muriate of Potash, 160 pp 
Nitrate of Soda, - |160 
<5. Dis. Bone- black, - 1320 SEPSIS EE ATR PRE APE OT 40.9 
Muriate of Potash, |160 
oO, Nothing, x = — EOE SRA BR IO 39.8 
ot Gf scda 125) 
H, | Ammonite, - - |100! 
; Muriate of Potash, |200 [| = 
Ls. Cr Dis. R’ k Phos., 350 J | 
P. Cooper’s Bone, - |300 
} Nitrate of Soda, se 175 EEL IG TILT A IE ST TE I EE 52.4 
| Muriate of Potash, 200 ) | 
K, Dry ground Fish, - |510 } 41.5 








Muriate of Potash, |200 § | 











EXPERIMENT BY J. D. KELSEY. 


The experiment by Mr. Kelsey was on a light loam soil with a 
sandy to gravelly subsoil. Rye was grown on the field in 1893, 
and at the same time the field was seeded to grass but failed to 
“catch.” The soil of the field was quite uneven in texture and 
the drouth affected the plots unequally. 

On the whole nitrogen gave the most striking results. Phos- 
phoric acid and potash alone gave no increase over the nothing 
plot near by, although the nitrate of soda (A) plot gave an 
increase of 10.5 bushels over the nothing plot adjoining. 
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SOILSTEST. WLTH FERT TE ZE RS sO RSG ane 
By J. D. KELSEY, Mapison. 












































ray YIELD See Corn PER ACRE. 
2 FERTILIZER. (xr % Water.) 
6 : Lbs. 
© Kind. per Comparative Scale. Bu. 
A Acre. ie Y's 
oO, Nothing, = =- aes CREAR SESE TTS LE Le 45.4 
A, Nitrate of Soda, 5 T60 a em ga eens TT Ime 55-9 
B, Dis. Bone-black, os 320 OS LE OT 42.2 
oh Muriate of Potash, 160 EPO EE ESTE ES 43/2 
Nitrate of Soda, - |160 Be RS 
ee Dis. Bone-black, - |320 | ee 
E Nitrate of: S0dawss/1 00) |) Pees ee ee eee 
, Muriate of Potash, |160 
F Dis. Bone-black, - |320) Elec bieowt= S. 
; Muriate of Potash, |160 } 
Nitrate of Soda, - |160 
Muriate of Potash, |160 
oo, Nothing, Se - —— LS ET LS . 41.6 
Nitrate of Soda, - 125) 
Ammonite, - - |100 ; 
H, Muriate of Potash, |200 r oted 
S.C. Dis. R’k Phos.,/350 J 
P. Cooper’s Bone, /|300 
Muriate of Potash, |200 
Dry ground Fish, - |510 
Muriate of Potash, |200 55-4 
EXPERIMENT BY EKONK GRANGE. 


In February, 1894, a representative of this Grange opened 
correspondence with the Station, stating that the Grange desired 
to undertake codperative experiments running through a period 
of years. The committee from the Grange consisted of George 
H. Gallup and A. A. Stanton, of Ekonk, and John A. Tanner, of 
Campbell’s Mills. 

The soil of the field was a heavy clay. loam with clay subsoil. 
The field had been in grass for a period of years without fertiliz- 
ers and produced but small crops. 

The experiment planned for 1894 was a soil test on corn with 
five additional plots designed to study the best and most econom- 
ical mixture of fertilizer for the soil under the experiment, and 
similar soils in that vicinity. Plots I and K were supplied with 
uniform quantities of fertilizing ingredients, but on I the nitrogen 





ee ee ee ee eee 


* 
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was added as nitrate of soda, and on K as organic nitrogen from 
animal flesh (ammonite). The yields in the two cases were 
essentially the same. Of the complete fertilizers, the most eco- 
nomical mixture was that used on plot M, costing $13.00 per acre. 
The mixture supplied nitrogen and potash in the same propor- 
tion as the other complete fertilizers, but furnished phosphoric 
acid in quite large quantities (85 lbs. per acre). The results of 
the soil test part of the experiment, as far as showing the defi- 
ciencies of the soil is concerned, are not conclusive. A repetition 
of the work, under more favorable conditions of weather, is 
needed before conclusions can be drawn. 


SOIL TEST WITH FERTILIZERS ON CORN. 
By EKONK GRANGE, Exonk. 



































3 ee riene YIELD SHELLED CoRN PER ACRE. 
A (11 % Water.) 
sc lebs? 
io Kind. per Comparative Scale. Bu. 
Acre, 
O, Nothing, - - — | 22 
A, Nitrate of Soda, = 1160 SE TS 22.4 
B, Dis, Bone-black, - (320 | cman 21.8 
ec PMLCL” OLAS i) TOC) eee eran ae cere 30.8 
Nitrate of Soda, - |160 
1 1 Tie: Bone-black, - |320 ee Se eee] 273 
E Nitrate of Soda, - |160 28 
mee udiate of Potash, "|160'\| mn ah ae 
F Dis. Bone-black, - pe ; 
; Miariate of Potash, 160 EB TE 41.5 
Nitrate of Soda, - {160 
G, Dis. Bone-black, - |320 ee A ERED 40.2 
Muriate of Potash, |160 
oo, Nothing, = - FS ee 23.4 
el. Ashes, ie! = - |[OOO | qemmaeen EEE 35. I 
Nitrate of Soda, - |160 } 
I, Muriate of Potash, 160 SE RISTO ISS SE ST ES 43.8 
Dis. Bone-black, - 180) 
Ammonite, - - |190 
kK, Muriate of Potash, 160 a E TTS 44.2 
Dis. Bone-black, - |480 
P. Cooper’s Bone, - |500 
es Nitrate of Soda, - |1OO > | ceusssswsese 4I.1 
Muriate of Potash, |160 
Nitrate of Soda, - 20 | 
Ammonite, = = 80 (SSS SPE ARI ES SSI PEP EL TI 
M, |) Muriate of Potash, |r60 15° 
Sc we. kk Phos., 600 | 
OOO Nothing, = 2 — | eee 28. 5 
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EXPERIMENT BY THE STATION. 


This experiment is the fifth in a series planned as a rotation 
soil test experiment, the same fertilizers being used on the same 
plots year after year.* Beginning with 1890 the crops grown on 
this field have been corn, potatoes, oats, cow peas and corn. 

The field slopes gently to the south, but not enough to cause 
serious washing. ‘The soil is a heavy loam, and the subsoil is a 
yellow, clay loam. In 1889 it was noticed that the soil seemed 
to be poorer toward the west side of the field. For this reason 
the field was laid out into two half-acre experiments, the order of 
the plots on the two being reversed, as per diagram. 


ARRANGEMENT OF PLOTS IN STATION EXPERIMENT. 
UNMANURED STRIPS SEPARATE THE PLOTS. 












































HAST. 

eee | PLOT .Ys 

| sise iie PLOTex 

| ea cele | PLOTLG. 
H Piotr D. Pion E. : 
5) a OI SENSE : 
oe | PromEy Der, aes PLOT 00. e 
‘Ren Prone: 


PLOT 000, PLoTs.B; 














4 

PLoT X, Prior A; 

PLOT MY. PLor o. 
WEST. 


The yields of the duplicate plots in each case are averaged in 
estimating the yield per acre. This helps to eliminate the errors 
due to irregularities of soil. Beside the regular soil test, two 
other plots were added—one (X) with a medium amount (12,000 
pounds) of manure, and in addition dissolved bone-black at the 
rate of 160 pounds per acre; the other (Y) with a larger quantity 
(16,000 pounds) of stable manure, but without bone-black. 

In 1890 a soil test with corn (the first of the series) was made 
upon these same plots with the following results, which are 





* For description and results of earlier experiments on this field, see Report of this Station 
1890, pp. 69-71. ; 
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quoted from the Annual Report for 1891: ‘‘The results show 
that phosphoric acid had the most marked effect, nitrogen con- 
siderable, while potash gave but little increase over nothing. 
There is no very great increase from the use of any of the ingre- 
dients, and it seems probable that the soil was supplied with 
accumulated stores of fertility which the two years’ cropping had 
not entirely exhausted.” 


Setleieo. WILH FERTILIZERS ON CORN 1804. 
By THE STATION, Storrs. 
































rs Fr} YIELD SHELLED Corn PER ACRE. 
x ERTILIZER, 
ra (11 % Water.) 
.. Lbs. 
7, Kind. per Comparative Scale. Bu. 
Acre: 
oO, Nothing, - - == Co 33.6 
A, Nitrate of Soda, 160 41.0 
B, Dis. Bone-black, 320 ST TR TPS TD 37.6 
ee Mur. of Potash, T60 EET PE) BE TE OEY IEE 8 40.8 
©0,|. Nothing, - - an beeen 28.0 
Nitrate of Soda, 160) 3 
Dis. Bone-black, 320 J 7 
Nitrate of Soda, 160 } 6 
: Mur. of Potash, 160 § nye 
Dis. Bone-black, 320 } 3 
; Mur. of Potash, 160 § aoe 
Nitrate of Soda, 160 
G, Dis. Bone-black, 320 SSAC RTF RLS IN TS RSE 58.2 
Mur. of Potash, 160 
OOO Nothing, = = ss, (SLSR LL TROT SEL ID 38.9 
Stable Manure, - |12000 l EE SS PEAT DETER ESS SSPE PSU REIN TBI ES PTET 
X, Dis. Bone-black, | 160 { hae 
ye Stable Manure, - 16000 (EAE A ER PSP MI OP ARE ABE TIE BE ET, 56.7 





The results for the past season show that all of the fertilizing 
ingredients were needed to produce good crops, but that potash 
was most essential, while in 1892, with oats, the nitrogen had the 
most marked influence. This illustrates the importance of mod- 
ifying the fertilizer in accordance with the demand of the crop as 
well as the peculiarities of the soil. 
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Yields on Station Soil Test Experiment for past Five Years. 














No. ; Cow Peas 


















































Lbs. Corn. |Potato’s} Oats. : Corn. 
NEE pi gee ah per Age ste, near! ; teae) yes 1894. 
Kind, Bu. Bu. Bu. Lbs. Bu. 
O, Nothing, - - - — 28.9 89 | 29.1 | 10,230] 33.6 
A) Nitrate of Soda, - - 160 S274 105 | 36.0 | 10,960} 41.0 
B, Dis. Bone-black, - - 320 33.3 97 | 27.0 | 10, 7IOW aye 
Cy Muriate of Potash, - 160 30.4 171 | 26.3 | 11,0800 aon 
00, Nothing, - - - ae 2077 87 | 24.2 | 9,725 | 28.0- 
Nitrate of Soda, - - 160 
iF 1 Di hone black ‘ ed 36.1 I10 | 37.9 |§2,;920 aqo.- 
Nitrate of Soda, - - 160 
E, 1 Muriate of Potash, - 160 32.8 160 | 30.0 | 13,335 | 47-0: 
Dis. Bone-black, - - 320 : 
Me 1 Muriate of Potash, - 160 34-4 214 | 27.8) 15570 ae 
Nitrate of Soda, - = 160 } 
Ge Dis. Bone-black, - - 320 37.4 |:5250 | 39.4°| 16,210 eso 
Muriate of Potash, 4 160 
ae Nothing, = - - - — 28.5 88 | 22.5 | 12,100 .eeres 
Stable Manure, = - |12000 ) 
| Dis. Bone-black, - an eL00.%, 4-8 210 | 40-9.) Toy 79 a ee 
‘ ‘Stable Manure, - - |16000 43.6 250 | 41.3 | 15,075 amnoe 


The larger yields obtained last year (1894) on corn as com- 
pared with the season of 1890 are probably due to fertilizing 
materials left over from the leguminous crop (cow peas) grown 
in 1893. ‘The beneficial effects of the growing of legumes, om 
soil fertility, and their importance in a rotation can not be too. 
strongly urged on our farmers. 

For general conclusion with the class of experiments the reader 
is referred to Bulletin ro and the Fifth Annual Report of this. 
Station. 

Our thanks are due to Mr. Francisco J. San Roman, Honorary 
Delegate of the Chilian Nitrate Combination to the Columbiam 
Exposition, for the nitrate of soda used in the experiments here 
reported upon. 
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TABLE 49.—SOIL TEST WITH FERTILIZERS ON CORN. 








FERTILIZERS PER ACRE, 


Kind, 





By £. K. Clauss, 
Rockville. 
Nothing, - - 
Nitrate of Soda, - 
Dis. Bone-black, - 
Muriate of Potash, 
1 Nitrate of Soda, - 
Dis. Bone-black, - 
1 Nitrate of Soda, - 
Muriate of Potash, 

1 Dis. Bone-black, - 
Muriate of Potash, 
leNitrate of Soda, - 
Dis. Bone-black, - 
Muriate of Potash, 
Nothing, - - 

[ Nitrate OL ooda. a) - 
} Ammonite, - : 
Muriate of Potash, 
[S.C Dis. Rock Phos., 

Peter Cooper’s Bone, 
Nitrate of Soda, - 
Muriate of Potash, 
( Dry-ground Fish, - 
) Muriate of Potash, 








Oppo 


eat eo ha 


& 


00, 








Bye wrruli, 
Madison. 
Nothing, J 
Nitrate of Soda, - 
Dis. Bone-black, - 
Muriate of Potash, - 
Nitrate of Soda, - 

1 Dis. Bone-black, - 
Nitrate of Soda, - 

1 Muriate of Potash, - 
Dis. Bone-black, - 
Muriate of Potash, 
Nitrate of Soda, - 
Dis. Bone-black, - 
Muriate of Potash, 
Nothing, : 4 
Dees Of soda; + 
Ammonite, - . 
Muriate of Potash, 

S.C. Dis. Rock Phos., 
Peter Cooper’s Bone, 
Nitrate of Soda, - 
Muriate of Potash, - 
§ Dry ground Fish, - 
( Muriate of Potash, - 








Weight. 











YIELD PER PLoT 

















Lys 


Y1IELD PER ACRE, 



































1-10 ACRE. 

Ears. Shel’d Corn 2 
;  [(1rZwater).| yo | Ba 
ut | eae Mare ken gar bee a 
O Sn OTe Sa wee Pet lp ean [eee 
Shape bebe lualee 
$ | Lbs.| Lbs. | Lbs.} Bu. | Bu. | Lbs. | Bu 
oT SOS EO bo 724i 0) e200 res 
3.96 | 267 | —+} 156| 37.6} — |1560/—2.9 
AAO 3210 eo 1170 45.221 700). ano 
3.48 | 204) 2° (198 141.4)" 52) Los0l ait 
8.48 | 330} 6 | 208| 46.4) .7 |2080 6 
7-52 |275| 14 | 199 | 38.7| 1.7 |£990| —.1 
: 8.00 | 327/| 14 | 198| 46.2) I.7 |1980) 7.4 
12,00) 3500 10/212 | 46.212,0 (2120) 11-7 
—— | 289) 17 |.183 140.7] 2.1 11830) -— 

, 
‘ £3303--°350) 125273 140, 21-4 eee 730) 40.2 
12:98 3177) 14) 233 (44.6) 0.7 (2330185.5 
13.07 | 255) 28-) 236) 35:90)3/5 [2360)—1e1 
— 349 10%) 231) 47.8), 1.9 |2310}2—— 
3.00 | 307i rou 27T VOv 22-2 27 LO) a2. 
4.40 | 364 |} 16 | 265 | 49.8! I.g |2650] II.9 
3.48 | 352] 18 | 293 | 48.2] 2.2 |2930] 10.6 
8.48 | 433 | 15 | 319 | 59.3) 1.8 /3190) 21.3 
7152) 386 (210. (257 P52, Siale2 12570) 14. 
§.001) 30645 OSI Attn) «0 |2L10/.3,0 
12.00) 287 $913" 226 1.40.3) 1.6 |2200h 1.1 
— | 278] 15 | 214] 38.0) 1.8 |2140] — 

| 
i 13.03 | 273 | 35 | 339) 37-4) 4.3 |3390| — 
E298") S7Anr EO 4 183 | 5.122) 0.2118 30p12.6 
15,0780 205.0. 0) |. 250 +40. 40 0.1 2800) 1.7 
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TABLE 49.—( Continued. ) 
SOIL TEST: WITH FERTILIZERS ONVCORN, 




























































































FERTILIZERS PER ACRE. YreLp Per Prior. YieLp PER ACRE. 
: (1-10 Acre.) 
° . 
= Shelled C 2 
we) ie a Hats: u aie Wate u oe 
é Kind. e: ge tear Sm 
Ai | OB | ge) 8 ee 
6 | & op Bi zZ 
By J. D. Kelsey, Lbs. $ — | Lbs. | Lbs. | Lbs.) Bay } B Lbs. | Bu 
Madison. 
0, Nothing, cate — | — | 340] 32.1375) 41.9 13-5 1G75Giiees 
A, Nitrate of Soda, - 160 3.96] 432 24 | 412| 53:3 | 2.6 [4120/1204 
Be Dis. Bone-black, - 320 4.40| 317 |. 28 | 427) 30.1) 3.0 }427Omias 
C, Muriate of Potash, 160 3.48| 341 | IIT | 556| 42.0)) 1.2 |5500pe ae 
Nitrate of Soda, - 160 
D, 1 Dis. Bone-black, - ae 6.48) 435) 14-423) 5507) 54d 
§ Nitrate of Soda, - | 160) 
E, ( Muriate of Potash, 160 § 7-52) 404] 14 | 453) 57:2 | 1.5 14530) 45-2 
Dis. Bone-black, - | 320)? 
F, Muriate of Potash, 160 ( 8.00] 406 | 14 | 485 | 50.1 | 1.5 |4850/ 8.1 
Nitrate of Soda, - 160 
G, Dis. Bone-black, - 320 } | 12.00] 350| 17 | 496| 43.2 | 1.8 |4960] 1.5 
-|{ Muriate of Potash, 160 
Nitrate of Soda, | = 125 
Ammonite, - 100 
Hi, Muriate of Doreen - 200 (| 13°03] AOR aE | 504 AO Ae een ea Sha 
(S.C. Dis. Rock Phos., 350 
Peter Cooper’s Bone, 300 } 
Ls INItrate of soda, )= 175 + |12.98| 419| 15 | 465/ 50.4 | 1.6 |4650) 6.5 
Muriate of Potash, - 200 \ 
{ Dry ground Fish, - | 510} 
K, ( Muriate of Potash, - 200 { | 13:07/ 432) 19 420 | 53.3 | 2.1 |4260) 1149 
oo,| Nothing, ; : — — | 302] 40 | 324) 37.21 4.4 (3240) — 
By the Station, 
O, Nothing, - 2 — — | 211] 26 | 199} 30.1 | 3.5 |2388) — 
uae Nitrate of Soda, = 160 3.96| 264 | 24: | 198 | 37.7 13.9423 70a 
B, Dis. Bone- black, - 320 4.40| 239 | 26 | 208 | 34.1 | 3.5 [2496] 4.1 
See Muriate of Potash, 2 160 3.48] 260 | 27 | 259 1°37.1 3e7a goers 
oo,| Nothing, - Z _ — |153] 45 | 163] 21.8 | 6.2 |1956) — 
Nitrate of Soda, -| 160} 
; Tea Bone-black, 0 320 | 8.48} 267.) 20 | 198] 38.1 1.257 t2a70 meee 
Ditrate of oda, =< 160 | ’ 
: Muriate of Potash, - aaa 7-52| 320.) 14-) 273 [AS 7) oe 
tis, Bone-black> §>°|/" 326 74 
; Maratcor Potash! 160 {| §.00} 322,) 16.) 3261) 40.01 -2:2 [3912 14.9 
Nitrate of Soda, - 160 q | 
G '« Dis. Bone-black, - 320 } | 12.00] 399 | 10 | 332| 56.9 | 1.3 |3984] 24.7 
Muriate of Potash, - 160 J | 
ooo, Nothing, - ~ — — | 240} 33 | 182! 34.4 | 4.5 |2208)— 
x | ( Stable Manure, - {12000 113 SA ARV cg oi rs tb vcqaneoe 
|) Dis. Bone-black, - | 160$ | 771°} 9°) 34.) 333). 59) Tie 342 ae 
ie | Stable Manure, - |16000 | 19.20} 378} 20 | 338 | 54.0 | 2.7 |4056) 23.2 
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TABLE 49.—( Continued. ) 
BOLUS TEST WITH FERTILIZERS ON CORN: 












































FERTILIZERS PER ACRE. Y1ELD Per PLor. YieLp Per Acre. 
5 (1-10 Acre.) 
& a Si eee 
a Shelled Corn £ 
© s A eer 4 (11 % Water.) i = 
e Kind. 2” g ; St | eeromorpmers leg ej 
einer ree cain St 2a Gunes 
6 | & Oo. he zZ 
By Ekonk Grange. Lbs. $ Lbs. | Lbs. | Lbs.| Bu. | Bu. | Lbs. | Bu 
0, Nothing, - - -| — | — |189| 22 | 165} 19.3 | 1.9 |1650) — 
A, Nitrate of Soda, = LOO 4.00) 203420). 1511, 20.7 inl, 711010) 2.6 
B, Dis. Bone-black, mela 2o 4.40] 198] 29 | 172| 20.2 | 1.6 |1720|-2.6 
& Muriate of Potash, - |160 3.48] 290 | 14 | 258| 29.6] 1.2 |2580) 6.4 
D Nitrate of Soda, - |160 8 48 g 6 P 6 
’ Dis. Bone-black, 1520 pO 255 1 GE OPUbe 529 iter LO vO lhe 
Nitrate of S Sab, 
E, ee se voce, - et 7-52| 271) 16 | 256) 27.6 | 1.3 |2560| 4-5 
F 1 Dis. Bone-black, - |320/ 3 6 
, Muriate of Potash, - |160 § see (ee oR arta coer Ost OORT ie 
Nitrate of Soda, = hIOO 
G, | De Bone-black, - 20 12.00| 383 | 13 | 319} 39.1 | 1.1 13190) 15.3 
Muriate of Potash, - |160 
oo,| Nothing, - - -| — | —- | 204] 30 | 189| 20.8 | 2.6 |1890) — 
H,| Ashes, - - - |1000 |10.00] 310] 16 | 258] 33.8 | 1.3 |2580/ 10.7 
Nitrate of Soda, - |160 } 
ie Muriate of Potash, - |160 -|13.76| 418| 14 | 341 | 42.6 | I.2 |3410/19.4 
Dis. Bone-black, - |480 f 
' Ammonite, - =) }190 
i Muriate of Potash, - ro | 14.23| 426| 10 | 382 | 43.4 | .8 |3820\19.8 
Dis. Bone-black, - |480 
Peter Cooper’s Bone, - [500 
jee Nitrate of Soda, - 10 | 13.02| 391 | 14 | 322| 39.9 | 1.2 |3220) 16.7 
Muriate of Potash, - |160 
( Nitrate of Soda, - | go ) 
| ite. 3 3 
S.C. Dis. Rock Phos., |600 J 
o00o0| Nothing, - - - | — | — | 260] 24 | 221) 26.5) 2.0 |2210) — 





























174 STORRS AGRICULTURAL EXPERIMENT STATION. 


SLUDIES OT Dit ARTs: 


REPORTED BY W. 0. ATWATER AND CHAS. D. WOODS. 


——0 ¢ @——_ 


Accounts of studies of dietaries of families and a boarding 
house, by the Station, have been given in previous reports, as 
follows: 

A machinist’s family. + 
A mason’s family. 


A boarding house.* 
A chemist’s family.* 
A jeweler’s family.+ A carpenter’s family.+ 
A blacksmith’s family. A carpenter’s family.t 
g. The family of the Station Agriculturist in winter. 

1o. A mason’s family (the same as No. 6).t 

11. A carpenter’s family (the same as No. 8).t 

12. A College students’ club. 

13. The family of the Station Agriculturist in summer.t 


4d 03 eh Ht 
Cn AM 


Eight additional dietaries are here reported: 


14. A widow’s family. 18. College lady students’ club. 

15. A Swede family. 19. A Swede family (same as No. 15). 
16. A College club. 20. Three chemists. 

17. <A Divinity School club. 21. A carpenter’s family. 


In the dietaries studies here reported upon the work was shared 
by Dr. H. B. Gibson, Mr. H. Monmouth Smith, Dr. R. L. Slagle, 
Dr. P. N. Evans, Mr. H. A. Torrey, Mr. H. M. Burr, Miss Kath- 
erine B. Camp and Miss H. M. Hall. The dietary study of a 
College club (No. 16) was under the especial charge of Dr. 
Gibson and Mr. Smith, that of a Divinity School club was largely 
the work of Mr. Smith. Miss Camp had the especial oversight 
of that of the College ladies’ eating club (No. 18). The details of 
the study of the dietary of three chemists (No. 20) were carried 
out by Messrs. Smith, Slagle and Torrey. 

The general plan of the investigation included an account of 
the amounts and composition of all food materials of nutritive 
value in the house at the beginning, purchased during and 
remaining at the end of the experiment, and of all the kitchen 
and table wastes. The amounts of different food materials on 





* Report of this Station, 1891, pp. go-106. + Report of this Station, 1892, pp. 135-162. 
+ Report of this Station, 1893, pp. 174-197. 
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‘hand at the beginning and received during the experiment were 
added; from this sum the amounts remaining at the end were 
‘subtracted. This gave the amount of each material actually 
used. From the amount thus obtained and the composition of 
each material, as shown by analysis, the amounts of the nutritive 
ingredients were estimated. From these were subtracted the 
amounts of nutrients in the waste, and thus the amounts of 
nutrients actually eaten were learned. 

Account was kept of the meals taken by the different members 
‘of the family, and by visitors. The number of meals for one 
man, to which the total number actual meals taken was equiva- 
lent, was estimated upon the basis of the potential energy, as has 
‘been done in previous investigations here.* These energy equiv- 
alents, which are stated below, are somewhat arbitrary, and 
require revision in the light of accumulating inquiry. It has 
‘seemed best, however, to use the same figures here as in the 
previous reports and postpone the change until these dietaries 
‘may be summarized with others in a later publication. 


Jdistimated Relative Quantities of Potential Energy in Nutrients Required by 
Persons of Different Classes. 


Man at moderate work, - - « : . 4 IO 
Woman at moderate work, - - = ; = - i“ 8 
Child, 15 months to 6 years old, - bs ~ - = & 7 
Child, 6 months to 2 years old, - - - - - - 5 
Child, under 2 years old, - - - - - - - 24 


EXPLANATION OF TABLES. 


The figures in the first table of each dietary, giving the actual 
amounts of food and of nutrients in the food used during the 
dietary, are based upon the weights of the food materials as they 
‘were purchased and used; that is, they include bone and other 
refuse, except where specified. ¢ 

The first three columns in the table contain the percentages of 
protein, fat and carbohydrates used in computing the amounts of 
those nutrients in the different food materials. Inall cases where 
the composition was not fairly well known from previous analyses, 


‘specimens of the food materials actually used in the dietary, or 
‘specimens as nearly identical as possible, were analyzed. ‘The 
cases in which special analyses were made in connection with 


these dietaries are indicated in the table by placing the letter a 


after the name of the material. The weights of the water-free 





* See especially 17th Annual Report of the Massachusetts Bureau of Statistics of Labor, 


DP. 239-329. 


whe) STORRS AGRICULTURAL EXPERIMENT STATION. 


table and kitchen wastes, and their composition, are given in the 
last line of the table. Exactly what is included in these wastes 
is explained in the foot note on page 97 of the Report of this 
Station for 1891.* | 

The last table in each dietary gives the nutrients and poten- 
tial energy in food purchased, in table and kitchen wastes, and 
in the portion actually eaten. The estimates of animal and 
vegetable nutrients in the waste are computed as below described. 
In estimating the fuel values of the nutritive ingredients the pro- 
tein and carbohydrates are assumed to contain 4.1 and the fats 
9.3 calories of potential energy per gram.t 


It was not practicable in the collection of the wastes to dis- 


tinguish between that which came from animal and that from 
vegetable food. It is, however, possible to estimate with more 
or less accuracy how much of the nutritive materials came from 
the animal and how much from the vegetable foods. As there 
were practically no carbohydrates in any of the animal foods 
except milk and cheese, and but little in these, we ‘shall not 
greatly err in assuming that all the waste carbohydrates came 
from the vegetable foods. It will also be fairly accurate to 
assume that there are the same proportions of protein, fat and 
carbohydrates in the vegetable waste as in the whole vegetable 
food purchased. In other words, the amount of vegetable protein 
and vegetable fat in the waste will bear nearly the same ratio to the, 
total amount of vegetable protein and fat in the food purchased 
that the carbohydrates of the waste does to the total carbohy- 
drates of the vegetable food. ‘Taking the percentages of the 
weights of the carbohydrates in the total waste as the measure of 
the protein and fats in the vegetable wastes, the actual weights of 
protein and fat in the latter are readily calculated. Subtracting 
these weights of vegetable protein and fat from the total weight of 
these ingredients in the waste, the remainders give the amounts 
of animal protein and fats in the whole waste. 

Table 66 summarizes the results of the twenty-one dietary 
studies which have been made by the Station. 





* The words refuse and waste are used somewhat indiscriminately. In general, refuse in 
animal food represents inedible material, although bone, tendon, etc., which are classed as 
refuse, may be utilized for soup. The refuse of vegetable foods, such as parings, seeds, etc., 
represent not only inedible material, but also more or less of edible material. The waste 
includes the edible portion of the food, as pieces of meat, bread, etc., which might be saved, 
but is actually thrown away with the refuse. 


+ Report of this Station, 1890, p. 174. 
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NOs LAs 
DIETARY OF A WIDOW’S FAMILY. 


177 


The study began February 1, 1894, and continued 28 days. The members of 
the family and number of meals taken were as follows: . 


Woman, 45 to 50 years old, (assumed = .8 of one man,) 84 X .8 = 67 meals. 
Girl, 16 years old, (assumed = .8 of one man,) 84 X .8 = 67 meals. 
Boy, 19 years old, 84 meals. 
Total equivalent to 218 meals, or 72 days for one man. 


TABLE 50.: 
food Materials and Table and Kitchen Wastes in Dietary of a 
Widow's Family During Twenty-eight Days. 








Foop MATERIALS. 


Protein. 





ANIMAL FOOD. 
Beef. 
Steak, cooked, - 
Shoulder steak (a), 


Round steak, no bone (a), 


Shank, no bone, - 
Flank, no bone, - 


Total, - - 
Pork. 
Chops (a), - - 
paltepork,: - . 
Pane an. ie - 
Total: -- - 
Lisle dete. 


Clams, without shell, 


Dairy Products, Ete. 


Whole milk (a2), - 
Skimmed milk, - 
Butter, - - = 
Cheese, - - 


cL Otal. . > - 
teeth =) | 


Total animal food, 


12 





Fat. 


4.1 


85.0 
35-5 


10.5 








PERCENTAGE Com- 
POSITION. 


Carbohydrates. 


432 
AGT 


iis. 











WeiGcuts USED. 





















































4 Nutrients. 
as ; 
2s ‘ in 
8 me | ae 
es ee a; 
Grams. | Grams. | Grams. | Grams. 
310 83 SO ia 
1445 fi 24305 250) 
650 144 Aon ka 
2,355 535 SAAN SS 
2,070 248-1 1,240 1 == 
6,830 | 1,253 | 1,627 | — 
1,840 278 268 | -— 
1,090 9 go2 |, — 
2,225| — |2,220; — 
57955 275; 390 8 os 
2,185 188 22 44 
8,860 292 363 372 
5,685 136 17 233 
PINUS aD gee ele Way BN 8 BO Bea 
850 | 241 302 15 
17,465} 669 | 2,441 620 
1,050] 156 I1i0; — 
32,685! 2,553 | 7,590! 664 
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TABLE 50.—/( Continued, ) 





















































PERCENTAGE Com- ; WEIGHTS UsED. 
POSITION. q 
yi a Nutrients. 
Foop MATERIALS. : a = = 
5 i ss g 3 : oa 
ro} a a = 3 82 
B | ge) go 
ooh hee ane “2 
VEGETABLE Foop. G G % Grams. | Grams. | Grams. Grams. 
Cabbage (15.5 per cent. refuse),| 1.5 OE AION 4G 81 II 246 
Onions (10 per cent. refuse), - | 1.4 of 1OlLa) 2,200 32 a 228 
Potatoes (15 per cent. refuse), | 2.1 1]. 17:9 |25,8907 8007 29 | 5,170 
Potatoes, cooked, - - ee 6) sf 2G 980 25 I 206 
Split peas, - . - - aon .g | 61.4 570 150 5 350 
Beans, dried, - = 2 A230 dees Oo got aC 423 Ba 108 
Canned corn, = = => 2.8 4 T3826 495 14 6 97 
Rice, '- - = - mail eer -4| 79.4 340 25 I 270 
Apples, etc., - - - - : .4 | 15.9 | 2,480 a 9 304 
Prunes, dried, - - ey Py) 75460, 455 10 2 303 
Oranges, - - - =e Sheqe: Oa) ao. S 705 7 6 59 
Canned tomatoes, - - - 1.0 Be heeno Uy, 540 5 I 20 
Wheat bread, - - <“) 50071 1) af OP SO,08 1020 102 18 627 
ixye bread; = - - sa ereey -5 | 59.7 | 1,445 125 7 863 
Gake;>- = - - = + 8,320,385 708 425 35 45 245 
Milk crackers, - - <2) SOY 93, Tait 00. 2 45 05 103 145 765 
Pilot bread crackers, - = 1 12,4 dad Pb 4,2 455 56 20 338 
Flour (a2), - = . - | 16.4] 1.3 | 81.7 |24,650) 4,042 | 320 | 20,139 | 
Buckwheat flour, - - ~ 130.9 1 ents? e7Oet 470 32 6 358 : 
Corn meal and samp, - =" 9.2") g6a58- 197026109, 235 [13 47 871 | 
Oat meal, - - i =) T4e7 eat 1 OG 4 etohO 135 60 581 4 
Extra C Sugar, - - 2h ed ea OO. 641357 OO teers i 3,200 
Molasses, - - - -| — mone ft OO sh Os aes — 1,288 
Total vegetable food, - -| — | — | — [82,130] 6,115 783 | 36,726 : 
Total ani | 
pee: Pu LSI ) — | — |r14815| 8,668 | 8,373 | 37,390 
Table and kitchen wastes (a), | 14.7 | 20.9 | 52.9 | 1,656 244 346 876 

















SlUDIES OF DIETARIES. 


TABLE 51. 
Nutrients and Potential Energy in Food Purchased, Rejected 


Laten tn Dietary of a Widow's Famtly. 











Foop MATERIALS. 











For Family, 28 Days. 


Animal, 


Food purchased, Vegetable 


Motalt 


( Animal, 


| 
Waste, - 2 Vegetable 


iene otal 


( Animal, - 


Foods actually eaten, Vegetable 


Total, 


Per Man Per Day. 


( Animal, 


| 
Food purchased, Vegetable 


ame l otal: 


Animal, 


year 2 i 4 Vegetable 


L Total, 
( Animal, 
Foods actually eaten, Vegetable 


es Doral 


Percentages of Total Foods Purchased. 


[ Animal, 


Food purchased, _ | Vegetable 


Waste, - - 


Foods actually eaten, 


’ 


i) 


’ 


, 


’ 


? 


’ 
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and 

NuTRIENTS. § 

S 

Protein. Fat. Carbo- 2 

hydrates, fy 
Grams. | Grams. | Grams. | Calories. 
2,553} 7,590 664 | 83,775 
6,115 783 | 36,726 | 182,915 
8,668 | 8,373 | 37,390 | 266,690 
100 328 os 3,460 
143 18 876 | 4,345 
243 3.46 876 | 7,805 
2,453 | 7,262 664 | 80,315 
5,972 765 | 35,850 | 178,570 
8,425 | 8,027 | 36,514 | 258,885 
35 104 9 I,150 
84 II 503 2,505 
119 T15 512 3,655 
I 4 — 50 
2 —_ 12 60 
3 4 12 I1IO 
34 TOO 9 1,100 
82 II 491 2,445 
116 Et 500 3,545 
29.5 90.6 1.8 31.4 
70.5 9.4 98.2 68.6 
100.0 | 100.0] 100.0 100.0 
ro 3.9 — r.3 
1.7 y: 243 1.6 
2.9 Act 2.3 2.9 
25.3 86.7 1.8 30.1 
68.8 g.2 95.9 67.0 
97-1 95-9 97-7 Q7.1 


180 STORRS AGRICULTURAL EXPERIMENT STATION. 


NOs IS. 
DIETARY OF A SWEDE FAMILY. 


The study began February 2, 1894, and continued 28 days. ‘The members of 
the family and number of meals taken were as follows: | . 

Man, 28 years old, without steady employment, 84 meals. 

Woman, 26 years old, (assumed = .8 of one man,) 84 X .8 = 67 meals. 

Two girls, 3 and 5% years old, (each assumed = .4 of one man,) 2 K 84 X .4 
== G7 meals, : 

Child, 5 months old, (assumed = .25 of one man,) 84 X .25 = 21 meals. 

Total equivalent to 239 meals, or 80 days for one man. 


TABLE 52. 


food Materials and Table and Kitchen Wastes in Dietary of a 
Swede Family During Twenty-eight Days. 







































































PERCENTAGE Com- WeicuTs Usep. 
POSITION. 
4 a Nutrients. 
Foop MATERIALS. 3 a os 
3 3 3 as a ag 
S fx G ° a a OS 
2] 3 0 8) eee 
S| «| & a) 
ANIMAL FOOD. % q d Grams. | Grams. | Grams. | Grams. 
Beef. 
Sirloin, no bone (a), - - | 19.6 | 16.1) — | 1,115 219} 179) — 
Shoulder, no bone (a), - Ei bap te 8 IR Waly OW! es eee en ta 243.4 2230 — 
Shoulder, no bone (a), - - | 17.3 | 16.4 | —'| 1,410 244) S285 —_ 
Shoulder, no bone (a), - - | 16.3 |-29.5 | — 760 124| 224 | — 
Round steak, no bone (a), - | 21.9| 6.4| — Q75 380 39 — 
Round steak, no bone (a), - | 22.1} 6.5 | — 425 O4 28 = 
Shank, no bone (a), - = O33 4 OBA vere li TOO anes 2O 63 | — 
Rump, no bone (a), - “| 29721 Bio == 1.059736 368 | 154) — 
Corned beef,no- bone (a), #7 = i776. 11. — | 1,415 ZAG ena — 
Corned beef, no bone (a), - | 16.7 | 14.9; — 510 85 76 | — 
Canned corned beef, - bt 2007 FT 7.T 786 196 | 126 — 
Total, ~ - - -| — — —~ (01,525) 2,472 (3.6 20snmeeee 
Veal, no bone (a), - > 119.2 /,41,6 (> ==.) 2,360. 261 I58| —- 
Frankfort sausage (a), - gs rk hg 4. ——ka T Ose 343} 268 )> == 
Pork. 
Chops, no bone (a), _—- - | 8.1] 15.3| — 845 68 I29| — 
Sparerib, no bone (a), - - | 18.9 | 25.0] — | 1,000 I89| 250; — 
Chops, no bone (a), - - | 19.7] 19.0} — 525 103 100|| — 
Salt pork, = - - - 19} /82.8 )0e) | 2.460 13 | 1,205} — 
(ard, )- - - - - oh  [OO.B | 15490) = eee 
Total, ~ -- = =| ==>) =.) ]"-—9) 55320] 9 993 13,171 eee 
Pickled herring, - - - | 20.2'| 8.8 | —- | 1,190] 240 105 | — 
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TABLE 52.—( Continued. ) 








Foop MarTERIALs. 





ANIMAL Foop.—/( Con.) 
Dairy Products. 
Skimmed milk, - sats 
Condensed milk, - . . 
Butter, - 2 A h B 


Total, - : : 5 
Eggs, - - 2 3 4 
Total animal food, - : 


VEGETABLE FOOD. 


Potatoes (15 per cent. refuse), 
Turnips (30 per cent. refuse), | 
Onions (10 per cent. refuse), - 
Rice, | - - - - - 
Dried beans, _ 2 - 
Canned peas (a), - : - 
Mince-meat preparation, - 
Cranberries, - > - - 


Wheat flour (a), - - - | 


Wheat flour (a), - - - 
Rye flour, - : ~ 
Oat meal (a), ; - - 
Corn meal (a), - = = 
Cereline, - - < > 
Rye bread, - - 2 - 
Milk crackers, * . - 
Granulated sugar, - - - 
Molasses, - : - : 


Total vegetable food, - - 


Total animal and vegetable | 
~ food, ty a : 


Table and kitchen waste (a), - 














PERCENTAGE Com- 








POSITION. 
g 
d € 
2 By 
és E 
ov 
Oo 
fo fo % 
3.8 4) 3-5 
11.8 | 10.4 | 50.1 
— |85.0| — 
14. GO EO.5 ee — 
Pld | oI 170 
Te PP ees 6 
ia SQ LOst 
7-4 4) 79-4 
23.7 NV 52-0 59,2 
4.8 Be ts Be 
AON 2 AGF. 4 
a 20s] e3O.G 
POUGuin le 2 eo 
ESO Tain y3e0 
6.7 Sith clang 
toy Bo ae By 65.5 
Orie TS sp 7ek 
Tigh 6157 |, 74:6 
8.4 5 | 59-7 
0:3) 13st. |, 09.2 
— — |100.0 
— — | 72.0 
17.4 | 31.2 | 44.2 


| 
i} 
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4 Nutrients, 

“35 a eu 
Be es loreal 
Srl cides bene aoe 

=, 7 5 
Grams. | Grams. | Grams. | Grams, 
28,265 | 1,074 113 989 
25525 274 242) (Feros 
2,850 ‘e 2,425 PST a 
33,440| 1,348 | 2,780 | 2,154 
Tr, 300. 209 143} — 
55,230] 5,240 | 8,151 | 2,154 
1,660 35 2 2907 
jae 15 5 104 
500 7 I 50 
735 54 3 583 
1,230 284 24 728 
| 1,015 49 3 115 
695 28 15 468 
495 2 + 54 
2,110 270 25 | 1,546 
17,805 | 2,475 | 249 | 13,140 
| 1,390 93 II | I,094 
3,190 542| 246 | 2,089 
hie ore 12% 20 | 1,025 
185 22 2 138 
940 79 5 561 
3,600} 335 | 472 | 2,491 
10,00 5,hne=- — /|10,985 
1,700| — — 1.224 
50,835] 4,411 | 1,086 | 36,692 
106065] 9,651 | 9,237 | 38,846 
1,215 2iI 379 537 
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TABLE 53. 


STORRS AGRICULTURAL EXPERIMENT STATION, 


Nutrients and Potential Energy in Food Purchased, Rejected and 
Eaten tn Dietary of a Swede Family. 

















Foop MarTERIALSs. 





For Family, 28 Days. 
( Animal, 
Food purchased, ae Vegetable, 
L Total, 
ae Animal, 
Waste, - Vegetable, 
a Total, 
Animal, 
Food actually eaten, - Vegetable, 


Total, 
Per Man Per Day. 


Animal, 
Food purchased, 
[iw Total, 
Animal, 
Waste, - 4 
L Total, 
: Animal, 


Food actually eaten, - 
Total, 


Percentage of Total Foods Purchased. 


( Animal, 
Food purchased, 
ee =i Otek 
Animal, 
By asieste + Vegetable, 
Total; 
[¥ Animal, 
t 


Food actually eaten, - 
Total, 


Vegetable, 
4 Vegetable, 


Vegetable, 


{ Vegetable, 


Vegetable, 



































NUTRIENTS. g 

S 

Protein. Fat. odie 2 
Grams. | Grams. | Grams. Calotias 
5,240] 8,151 | 2,154 | 106,120 
4,411 | 1,086 |°36,692 )1 775500 
9,651 | 9,237 | 38,846 | 280,620 
146 303 3,980 
65 16 537 2,610 
211 379 537 1°) 65590 
5,094 | 7.788] 2,154 | 102,140 
4,346 | 1,070 | 36,155 |171,890 — 
9,440 | 8,858 | 38,309 | 274,030 
66 102 ay, T,325 
55 14 |. 446] 2,285 
[21 116 473 3,610 
2 4 — 50 
I Se a 30 
3 4 7 80 
64 98 27} 1,275 
54 14 439 2,255 
118 ti2 466 3,530 
54.3} 88.2 5.5 37.8 
45.7 Be. 94.5 | 62.2 
100.0 100.0] 100.0 100.0 
1.5 3.9 — 1.4 
7 2 1.4 9 
22 AL 1.4)| » Meroe 
52.8 84.3 5.5 36.4 
45.0 Tt6 93.1 61.3 
97-8} 95.9} 98.6) 97.7 



















































































STUDIES OF DIETARIES. 


DIETARY OF A COLLEGE CLUB. 


The study began Feb. 7 and continued 28 days. 
The club included 24 members, college students. 


colored waiter and two women (each assumed = .8 ‘of one man). 
of meals taken were as follows: 24 students, 1,918 meals; colored waiter, 84 


There were in addition a 
The number 


meals; two women, (168 X .8 =) 134 meals; fed to tramps, 8 meals. 
equivalent to 2,144 meals, or 715 days for one man. 


food Materials and Table and Kitchen Wastes in Dietary of a 


College Club During Twenty-Eight Days. 








Foop MATERIALS. 


ANIMAL FOOD. 
Beef. 


Soup bones (a), - 
Sirloin steak (a), - 
Round steak (a), - 
Shoulder steak, = 
Rib roast (a), - 
Rib roast (a), > 
Rib roast, é : 
Rump (2), - - 
Rump (a), - : 
Rump, - - 
Corned beef (2), : 
Corned beef (a), - 
Corned beef, - : 


Canned corned beef of 


Dried and smoked, 
Liver, - - 


Total, - - 
Veal. 


Chops(a),_- . 
Chops (a), - - 
Chops, - 

Leg, no bone (a), 


Miscellaneous cuts ), - 
Miscellaneous cuts (a), - 


Miscellaneous cuts, 


otal - = 


PERCENTAGE Com- 


WeiIGcuHTs USED. 











Fat. 





SQ | Carbohydrates. 























Total 
Food Materials. 


Grams. 


1,600 
15,425 
9,750 
4,990 
5,130 
6,125 
12,475 
4,535 
3,005 
13,975 
4,595 
4,765 
13,295 
T5130 
1,245 
6,875 


108,915 


32875 
3,290 
10,545 
8,960 
4,765 
4,765 
10,350 


45,850 




















Nutrients, 
Ss ; 
3 s 
Ay 
Grams. | Grams. 
278 62 
2,962 | 1,650 
1,794 1,199 
863 439 
734 698 
Ors 45 1,482 
1,722 | 2,358 
948 395 
637 294 
2,949 | 1,286 
Tid 519 
781 696 
2.220 I OG 
236 114 
359 55 
1,664 908 
19,739 | 14,003 
514 124 
549 178 
1,740 485 
1,864 690 
677 495 
615 262 
1,397 725 
7,350 | 2,869 





Carbo- 
hydrates. 
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TABLE 54.—( Continued. ) 





Foop MATERIALS. 





ANIMAL Foop.—/( Coz.) 


Pork. 


Chops (a), - - 
Chops (a), : 
Chops, - - - 
Spare rib (a), > 
Spare rib (a), : 
Spare rib, - ~ 
Bacon, - 2 
je een Mh ie - - 
Sausage (a), 
Salt pork, 

gard,” 12 - - 


Total, - - 


Cottolene, - - 
Lamb, 
Leg, - - - 
Posh, Fote. 
Canned salmon (a), 
Dry salt cod, - 
Oysters, solids, = - 


Total, - - 
Dairy Products. 


Milk (a), - - 
Butter, - 2 - 
Condensed milk, - 


Total, - - 


Eggs, - = - 


Total animal food, 
























































PERCENTAGE Com- ' Weicuts UsrEp. 
POSITION, . 

g “ Nutrients. 
. a = 9 
‘3 rey = ga q wi 
aR tacks ews B 2 | ge 
i 2 ue) © fy cB ot 

ce 8 o oe 

O fx te 
% % 4 Grams. | Grams. | Grams. | Grams. 
13-3 P25 el eee 3,400 452 853} a 
14.0 | 23.3) = 3,175 445 749) — 
13.6 |.24.2 | — 6,465 879) 1,505) "e— 
15.7 | 20.8 | — 6,040 948 1,256, — 
13,35 24384) 3,515 467 O50) seen 
15.0] 22.6] — 6,575 986 1,485; — 
11.8 | 62.5 | — 9,695 | 1,144] 6,060) — 
14.8 | 34.6) —-.| 11,370] 1,683 } 3,034) 
10.1 | 45.1] 3.5] 13,295 | 1,343] 5,996| 465 
QO} $2.84) — 5,385 48| 4,459) — 
eh OOO 9) ares 3.0550) He 3,048) \— 
"| ==) = | 72,570 | 3,395.) 30,85 4imeuane 
So [LOG OY a 3,730 Ts 357 30)) tan 
I5.0/ 15.6] — 12,500) 1,875 1,950) — 
EYs 2} 254 eae 6,435 | 1,107 154° 
21.4 2B itaas 3,530 ifs) 14) 
6594 150,) 4.0 | eue ans 343 87| 218 
— — ; — T5410.) 2208 Ne 255| 218 





3.6] 4.5 | 4.1 | 323,605 | 11,650] 14,562) 13,268 
Se C5 .0cl ve ee ae 36,326| 5 ay 
Liv 10-4 250.7 1,020 124 106 511 














ad ae —_— 367,360 11,774 50,993 13,779 





[4.9 | IOs5 | == 1O;9TO4 425520 1,776, — 














— | — | — ! 643,245 | 53,864 | 106,430! 15,005 
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TABLE 54.—( Continued. ) 
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Foop MATERIALS. 


VEGETABLE FOOD. 


Pastry flour (a), 
Bread flour (a), 
Bread flour (a), 
Graham flour (@), - 
Corn meal (a), 
Rolled oats (a), 
Cereline, 
Rice, 
Hominy, 
Oyster crackers, 
Milk crackers, 
Corn starch, - 
_ Vermicelli, 
Cocoa and chocolate, 
Dessicated cocoanut, 
Molasses and maple syrup, 
Granulated sugar, - 
Potatoes (28 % refuse), 
Cabbage (15 % refuse), 
Turnips (30 % refuse), 
Carrots (15 % refuse), 
Onions (10 Z refuse), 
Beans, dry, 
Apples (25 % refuse), 
Oranges (flesh), 
Prunes and raisins, 
Canned corn, 
Canned squash, 
Canned tomatoes, - 
Canned peas, 
Canned peaches, etc., 
Cranberries, 
Mince meat (‘ 


‘none such’”’), 


Total vegetable food, 
Total animal and vege 
table food, 


# ) 
: ) 
WASTE. 


Wat) 
Refuse (), 


Total, 





PERCENTAGE Com- 


WeIGHTS USED. 
























































POSITION. 
g 2 Nutrients. 

a < a0 

no) ay ov 2g : a 
St 1. Drea awe el . 4g 
: ; Sone here Sa ee 

6 te cy C8 

G % % Grams. |Grams.| Grams. | Grams. 
10.9] I.1| 75.0] 40,825 | 4,450 449 | 30,619 
14.2] 1:2] 70.3) 49,440 | 7,020 593 | 34,756 
PAST es Lye Al aN ey 1629 138 8,517 
B77 BO OOO. ¥ LOv8 857). 2,036 597 | 10,946 
O68) (3.3 | 74.2)" 74,480) 489 58 | 3,324 
10,0 7.7 O77 10 20.545) 3.400 | 1,059 [7 147580 
9.4} 1.0] 78.6) 4,105 | 392 42| 3,274 
Dae adele 7074 1,245 92 5 989 
B13 34. | 774 15985 |) 105 8 | 1,536 
Te 3 y 4.9 1s 7S eur or 57O) | 29 205°) 4,317 
OG. 3.) 23-11) 60.27) 62959452041) (2,875 185,726 
a = |) O70 1,160; — — E,134 
16,9) (2.9 |,72.0 170 19 3 122 
Ore-1 2150 O76 805 55 169 544 
O26 G3. 72458 340 22 217 82 
— — | 72.0 8,515 — — | 6,171 
— — |100.0| 73,410; — — 73,410 
Pea LECT Gee. G013 412 20 Ente 
I.5 Lor 4G | 13,702 206 28 633 
1-2 <2 | 8:2) 3,493 42 /i 286 
Ist 4859 4 842 9 3 75 
1.4 ~3\| TOMI g8I 14 3 99 
Bate Oey | One 87775 | 2,027 176 5,195 
reie Le. Oe (15,405 46 62| 2,449 
1.0 oO Wheres ahi rao oO Poy 114 1,052 
Bal .5 | 66.6 1,160 26 6 Gighe) 
2.0.10 Ea 1936 1,035 29 13 203 
9 Henle LEO 5,670 51 28 669 
1.0 22 WOES TE OES 109 oO 404 
4.8 Bea Li 23 4,365 210 13 493 
1.1 (Oe Lied Wokets 705 196 142 2,026 
ye) G1 LOG 2,040 8 18 222 
4.0) 2.2) 67.4 | -4,055,)| 162 80 | 924733 
— — — | 386,251 |27,026| 7,824 | 230,336 
— | — | — |1,029,496 80,890 |114,254| 245,341 
— |100,.0;| — 10,135 | — | 10,135 — 
23.8 | 25.1 |) 43.11 26,090 | 6,684") 7,050 | 12,107 
oe — —— BGo225) 6.084 17,1051) Tahoe 
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TABLE 55. 


Nutrients and Potential Energy in Food Purchased, Rejected and 


STORRS AGRICULTURAL EXPERIMENT STATION. 


Eaten in Dietary of a College Club, 








Foop MATERIALS. 








For Club, 28 Days. 


[ Animal, 
Food purchased, : Vegetable, 
Pombo 


( Animal, 
| Vegetable, 


| 
mT 


*Per Man Per Day. 


Waste, - 2 
Total, 


Animal, 
Food actually eaten, Vegetable, 


Total, 


Animal, 
Food purchased, : Vegetable, 
Lotals 


Animal, 
Mee! aii . Vegetable, 
Total: 


Animal, 


Food actually eaten, - Vegetable, 


———, "SF OF 


(Ves Lota: 


Percentages of Total Food Purchased. 


( Animal, 
Food purchased, | Vegetable, 
ff Otal 
Animal, 
AV asta f oor tr Ps Vegetable, 
Total, 
Animal, 
Food actually eaten, - | Vegetable, 
E 


Total, 





if 





NUTRIENTS. g 
S 
Protein.| Fat. int 2 
Grams. | Grams. Grams. Calories. 
53,864 | 106,430] 15,005 | 1,272,200 
| 27,026 7,824 | 230,336 | 1,227,900 
| 80,890 114,254 | 245,341 | 2,500,100 
5,264 | 16,774 am 177,580 
1,420 | ALT eee, LO7 59,280 
6,684 17.0859 Letom 236,860 
48,600 | 89,656} 15,005 | 1,094,620 
| 25,606 7,413 | 218,229 | 1,168,620 
| 74,206 | 97,069 | 233,234 | 2,263,240 
75 149 21 1,780 
38 | ris 322 1,720 
113 160 343 3,500 
7a 23) — 245 
2 | I ry 85 
oi 24 17 330 
68 | 126 BE 1,535 
36 | 10 305 1,635 
104 136 326 3,170 
66.6 93.1 6.1 50.9 
33-4 6.9 93-9 49.1 
100.0 100.0 100.0 100.0 
6.5 14.7 — get 
1.8 yk 4.9 24 
8.3 15.1 4.9 9.5 
60. T. 78.5 O.! 43.8 
2196 6.4 89.0 46.7 
gI.7 84.9 g5.1 90.5 
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DIP TARY No. 17: 
DIETARY OF STUDENTS IN A DIVINITY SCHOOL. 


The following are results of dietary studies of a students’ club 
in a divinity school in Connecticut. The most of the details 
were performed by Mr. H. Monmouth Smith, although Dr. H. B. 
Gibson shared in the work. The management of the club was in 
the hands of one of the members who acted as steward. The 
food was purchased under his direction. It was stored, cooked 
and eaten in rooms especially devoted to the use of the club. 

Duration of Experiment.—The study was commenced on the 
afternoon of ‘March 12, 1894, and continued for 1o days. 

Members of the Club and Occupation —The club consisted of 27 
men, all of whom were studying for the ministry. The ages 
ranged from 22 to 38 years, and the average was 25% years. 
The weights of the members ranged from 130 to 180 pounds, 
the average being 149 pounds. 

Of the members of this club 8 had their homes in Connecticut, 
14 in other States, and 3 in Canada, while 2 were from foreign 


countries. 


Seventeen were college graduates; 13 from colleges in the 
United States, 2 from Canada and 2 from foreign institutions. 
The members, like most men attending institutions of this char- 
acter, were in quite moderate circumstances; one or two, however, 
were from decidedly well-to-do families. There were three 
women employed in the club, a cook, a waitress and a kitchen 
maid. ‘The price of board in the club was nearly $4.00 a week. 

Meals Eaten—An accurate account of all absences from the 
table was kept, as well as of all guests entertained. The record 
showed that 658 meals were served to the members and go to the 
servants. Assuming that a woman eats 0.8 as much as a man, 
the meals eaten by the women would equal 72 meals eaten by a 
man, and the total number of meals served would be 730, equiva- 
lent to three meals a day for one man for 243 days. 
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TABLE 56. 


STORRS AGRICULTURAL EXPERIMENT STATION, 


Amounts and Composition of Food Matertals and Amounts of 
Nutrients tn Dietary of Divinity Students, 








Foop MATERIALS. 





ANIMAL Foop. 
Beef. 
Sirloin (a), - 
Sirloin (a), - 
Sirloin (a), - 
Rib roast (a), - 
Rib roast (a), - 
@anned corn, = 
Liver (a), - - 


Otis p= - 


Veal. 
Leg (a), = = 

Pork, 
Chops (a), - - 
Chops (a), - - 
Chops (a), - - 
Fat, salt, - - 
Bacon (a), - - 
Lard, - - 


MN Otel - 
Lamb, 
Chops, - - 
Chops (a), - - 
Chops (a), - - 
Leg (a), 4 i 
Fore quarter, - 
otal tle - 
Turkey (a), - 
Turkey, - - 
Total,.- = - 
Gelatine, - - 
fish, 


Salt cod, whole, 

Shad, - * 
Oysters, solids, - 
Mackerel, canned, 
Sardines, canned, 


Hotal sie - 


- 








Protein. 





15.5 
16.g 
15.6 
13.5 


etaal 
eee, 


RTs 





14.1 
ee, 
13.2 


100.0 


16.0 
40,2 

6.3 
29.9 
43.6 


































































































PERCENTAGE Com- Weicuts Usep. 
POSITION. 3 
= 
‘ Z | Nutrients. Ss 
en or — — 
"AO eran Su ieee a | ts 
pe} ° ° fy SO 
H a OP 
% G Grams. | Grams. | Grams. |Grams| Calories. 
25.9] == 1b 43/346 1). STO SOC vane re 
16.1; — 6,350 | 1,073 | 1,022 | — — 
16.5) — 2,948 460 487 | — — 
26.2) — 8,080 | 1,091 ; 2,117 | — — 
25.0. — 4,508 636 | 1,127] — —- 
Ee BS ON ages 2,948 787 504 | — aa 
52) 2 Or wTeOae 207 53 20 — 
— | — | 29,200 | 4,773 | 6,176) “20)777000 
11.6 — | 8,956] 1,755 | 1,039} — | 16,855 
29-1) <= 12,0340 CA TANG OSA ie a3 
31.1] — 2,920 386 go8 | — — 
27.4, — 1,928 254 528| — — 
82.8) — 468 4 388 | — — 
64.0) — 1,021 79 653| — — 
99-8): =a 3,505 1 sb Oe aerees a 
— | — | 12,786 | 1,137 | 6,839 | — | 68.205 
26.6) — 1,247 174 331 | — — 
23.9) —- 02,9204) ,432 17s bon Wis = 
29:5) so E8144 230 555 a as 
25.3) — 6,010 go8 | 1,521 | — —— 
25.8, — 7,187 | 1,301 | 1,854 | — — 
— | — | 19,178 | 3,051 |4,934 | “= aera 
24:7) —— | 9,185.) 1,424 | 2, 200g me co 
24.7, — 7,683 | I,IgI | 1,898 | — — 
— | — | 16,868 | 2,615 | 4,167 | — | 49,475 
apa | iO eet 57 ST hwekoe EE 235 
4| = 3,061 490 12} — — 
4.3). —\ | 26,2375) 95745) ee0O wae a4 
TO 40545. 326 336 85 | 213 — 
19.9| 8.7 369 110 pina: a 
25.3) 12.7} 1,814) 9791 | 9459) 230.)ime 
— | — ! 16,810 | 2,301 








928 | 475 | 20,010 
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TABLE 56.—( Continued. ) 
PERCENTAGE Com- Wiech re! Lice. 
a POSITION. 
Foop MATERIALS. : : 3 wn Nutrients. Ss 
sea ee ale ar : a 
at a oa See : 5g = 
Oolm | as} ge 3 " ae Fey 
ol Os Bes 2 3 i 
SG pa £ 4 Os 
ANIMAL Foopb, % % % Grams. | Grams. | Grams. | Grams. | Calories. 
Dairy Products. 
eee =) =) 3.6) 4.2) 4.2)072,364) 6,205! 7,239) 7,239) — 
Butter (@), - - - | 1.5)80.4) — 11,056 166} 8,889, — a 
Cheese; > 2 SOOO S5.3t POL! 1 O87 473 596 36; — 
Poe oe - | | | [185,707] 6,8441 16,724) 7,275] 213,420 
Eggs, - ; - |10.2|/13.1| — 22, F230) 5979501 2.860). —— 36,210 
Total animal food, - | — | — | — | 311,088) 24,789 43,706) 7,770] 539,955 
VEGETABLE FOOD. 
Potatoes, 36.5 @ waste, | 2.1] .1| 17.9] 51,215| 1,076 51| 9,167| 42,470 
Potatoes, sweet, 15 % 
waste, -- = de Sieh ab 20k an Og 63 17; 1,090} 4,885 
Beets, 15 2 waste, - | 1.5| .1| 8.8] 3,856 58 39 339} 1,990 
Pease oks @owaste, = | 173) 27) 16.2) - 31157 4I op ETL 2.470 
urnips, 30% waste, - | 1,2) \.2) 8.2 715 9) 1| 59 290 
Saerois 15 4 waste; - | 4.1) .4) 8.9 145 2 I Ve) 65 
Lima beans, - Sots be MiP 22. Ole e770. 204 26, 8290) 4,725 
Canned corn, - ~- | 3.0] 1.3) 22.5) 2,509 75 34) 565} 2,940 
Canned squash, Spee Be GO) 5 2G 58 3 B13) 2,300 
Canned tomatoes, SE ie esd = neee] Ue Rec age Pp Deke) 22 4 72 420 
Apples, 25% waste, - | .3/ .4| 15.9) 10,985 33) 44] 1,747| 7,705 
Apples, evaporated, - | 1.3) .8] 68.3 751 10 6 B13) 52.200 
Raisins, - - Sees Tr eh PTO 142 4 I 102 445 
Currants, - - ot eae ay ary a9 42 ro 30 125 
Bread flour (a), - Peni4-OF 2.3) 73-1) 35,039) 5,115 455) 25,613] 130,215 
Pastry flour (a), - = | tO.Ap 123) 75.3).. 3,856 400 50| 2,904] 14,010 
Graham flour, - ze ay he yey eg | = 634 92} 3,883) 19,375 
Rolled oats, - shia Al Oe 70.2) 4,082) 646 273| 2,865) 16,525 
Corn meal, - ea eOs2 waeon) 7OcOle | DL S45 142 59| I,090} 5,600 
Beene = Sgt ez 78.1 482 Al 3 370) . 1,740 
Pearl hominy, - SMO ea PsA Wt BG II5 CUETO 73im) 4,025 
Rice, - - NAN LAs OT OA S12 23 I SABLA 1120 
Tapioca, - - BS Et aol ae WR, Tia — LE 455 
mtarch:; - - -|— |— | 97.8 Five Fen — 77 Oba, Loo 
Macaroni, - Pees a eS 7.8. 765 102 2 577)\ 9 2. 8G 
Sugar, % - - | — | — [100.0] 20,653; — — | 20,653) 84,675 
-Molasses, = - | — | — | 72.0 340i — — 245; 1,005 
Syrup, se : Sal = 1) O70), 2,423 0 — 1,623) 6,655 
Syrup, maple, - - | — |.—-| 50.0} 1,361) — — 681) 2,790 
Mince meat, - ao ALO 2.20 Og 737 30) - 16 497| 2,310 
Total vegetable food, | — | — | — |168,201| 8,864) 1,206) 78,769) 370,505 
Total animal & vegeta- 
ble food purchased, | — | — | — |479,289| 33,653) 44,912/86,539 910,460 
Table « k’ch’n waste(a),| 20.9} 24.1} 48.8) 19,257] 4,024] 4,651] 9,398) 98,280 
Fat, - - - aoe bT. OO i 6,660) — 6,660; — 61,940 
i Otalo s -{|—;—/] — 4,024| 11,311] 9,398! 160,220 





25,917 
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STORRS AGRICULTURAL EXPERIMENT STATION. 


Nutrients and Potential Energy in Food Purchased, Rejected, and 
Liaten in Dietary of Divinity Students. 








Foop MATERIALS. 





Lor Club, ro Days. 


Animal, 


Food purchased, Vegetable, 


Total, 


( Animal, 


| 
Waste, - : ay Vegetable, 


L Total, 


( Animal, 


| 
Food actually eaten, - Vegetable, 


tL? Total: 
Per Man Per Day. 


Animal, 
Food purchased, Vegetable, 


Total, 


l 
Animal, 
Vegetable, 
Total, 


Waste, - J 


nimal, 


A 
Food actually eaten, - Vegetable, 


Total, 


Percentages of Total Food Purchased. 


Animal, 
Food purchased, 2 Vegetable, 


Total, 
Animal, 
Vegetable, 

| 
beg ak Olan, 


( Animal, 
Food actually eaten, - | Vegetable, 


Waste, - : 


Total, 















































hydrates. 




















NUTRIENTS. 
Proteina> Fat. 
Grams. Grams. 
24,789 | 43,706 

8,864 1,206 
33,053 | 44,912 
2,967 1,167 
Ese: 144 
21,822 1-3 2°696 
7,807 | 1,062 
29,629 | 33,601 
L020. e770 
36.5| 4.9 
138.5 | 184.8 
T2351, 46.0 
4-4 a5 
16.6 46.5 
89.8 | 133.9 
32.1 4.4 
I21.9 138.3 
73-7 O73 
26.3 Dy 
100.0 | 100.0 
8.8 24.9 
3.1 3 
II.9 25.2 
O40" e728 
23.2 Pe 
88.1 74.8 





Carbo- 


Grams. 


75779 
78,769 


86,539 


9,398 





9,398 


73770 
69,371 


77,141 





32.0 
nee eal 


356.1 


38.7 





38.7 
32.0 
285.4 





317-4 


8.9 
gI.1 





100.0 


10.9 





10.9 


8.9 
80.2 


89.1 


Fuel Value. 





Calories. 


539,955 
379,505 


910,460 





116,015 
44,205 





160,220 


423,940 
326,305 


759,245 


2,220 
1,525 





3,745 | 


480 
180 





660 


1,740 
1,345 





3,085 


59.3 
40.7 





100.0 


12.8 
4.8 





17.6 


46.5 
35-9 





82.4 





Ie ee? ee 
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No. 18. 
DIETARY OF A COLLEGE LADIES’ EATING CLUB. 

The study began April 13, 1894, and continued 10 days. The club included 
34 members, lady students and four female servants, all over 18 years of age 
with one exception. 1,538 meals were taken; these were equivalent to 513 
days for one woman or (assuming a woman = .8 of one man) 410 days for one 
man. 

TABLE 58. 
food Materials and Table and Kitchen Wastes tn Dietary of a 
Ladies College Eating Club for Ten Days. 





































































































PERCENTAGE Com- WEIGHTS UsED. 
POSITION. 
vi 2 Nutrients. 
Foop MaTERIALs. 3 m 45 
a 3 a Sa a 
A 3 g ° f= B05 
a S Ay Ors 
O & a 
ANIMAL Foop. % % % Grams. | Grams. | Grams. | Grams. 
Beef. 
Rib roast (a), - - 2.) 12.5 427.9.) = )'13,075 1 °1, 709 (3,815 a 
Rib roast (a), - : SP O07 3 Pag i ES OSM VL, 752 Weal O) ean ae 
Rib roast (a), - ~ ae WES. Ou 3453 i 7 i TA OT Se) > 2.280 tae OS — 
Peemec fia = 1 ie) 4. = ) £3257) 2508-1" (10,630 |. 1,435 .152,743 |e 
Sirloin steak (a), - DS he 20s 7 —— iy OF745 |) OZ bul. 3760 —— 
Sirloin steak (a), - PATO | 29,05) 3 — 5,670 913 | 1,338 om 
Sirloin steak (a), - = 5.9.1 30/4] =) 54385 oF AE) Bees Ce y B R ie 
Sirloin steak (a), - Sh tO. Es. One 6,065 | 1,067 946 = 
Shin,  - “ : SR ae pile es ee 5,345 727 15 =o 
ieee ee fe = | 20,72) 65.431) 355), 1,100 233 63 41 
Corned (a), - i = pl eg: e2er5 ef. 14,010 2.0720 4, 240 — 
Total, meee) = ee 99,9955). 14,0007 25,573 41 
Veal; 
Cutlet, - - - = Jt 20s Dee OO Wiis 35000 652 225) ee 
Shank, - - 3 es LOO tess 3 ee 1,220 122 65 —_— 
Loin (a), = z IT ATOR Ll Saf. tees Sear 5.1, 234 | 1,208 — 
Total, : - -|— == —— ik, T25.) 62,0084 1,001 — 
Pork. 
Ham, - “ - - | 14.8 | 34.6] — |. 4,250 629 | 1,471 — 
Salt pork, s = = 108) 82. Oe 1,220 Er ies. Oto — 
Total, - z -|— BRS 9 et 5,470 640 | 2,481 — 
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TABLE 58.—( Continued.) 





PERCENTAGE Com- . WeicutTs USED. 














































































































POSITION. 
vi & Nutrients. 
Foop MATERIALS. _ s & 
‘o | ox S GE s : g 
ae rel eich hac iS 3 ag 
; 2) g | ose ae ae 
Se oven z 
ANIMAL Foop.—/( Con.) 
% % % Grams. | Grams. | Grams. | Grams, 
Mutton. 
Leg (a), : & - T5041 LO. fh 75770) 1s228s erent — 
Leg (a), - - - | 14.6] 18.4) — 6,110 892) 1,024 -— 
| = : Pe choca iE oy ee’ 9,525) 1,443gt O45 — 
Ghops:(2),4 ©: a oo Plea S003) 6,265 17 are 27A — 
Chops (a), - - - |12.3 | 38.2; — 4,605 566 | 1,759 — 
Chops, - - - eee WE Ba lima 5,020 622] 1,872 — 
Hiank, “= - a) Pe WTA ad 2,240 345 988 — 
Total, - - -|— — wo 41,535} 5,878 | 10,916 _- 
Poultry. | 
Turkey, mR a 28.0 VBL 0) 34,885) 18,398 163055 
LTS Mer 
Giada =. & 4 ge} 1 4.8] — a) sfa8oh. 210.0 ree 
(Slams, *- - = mit BuO TiO}. 2.0 1,930 166 1g 39. 
Oysters, - - = Os 3 8 eT Gh! ako 2,495 157 40 100 
Salt cod, - - a ered cls meee 2,635 564 bi — 
Canned salmon, - AZO Fee a 1,560 314 245 — 
Total, - - - |e) ee f= 1 TT, 000) 61,4204 zag 13> 
Cottolene,, - = - | — |1I00.0/; — £0,090) 25—— 10,090 — 
Gelatine, - - - | 82.2 Abie 510 419 2 _ 
Dairy Products. 
Milk (¢);, -- + +] 3.91. 4.8) 4:2} 13,665). 539 | OG memee 
Butter (2), - 4 - -9| 86.1) — | 20,215 182 | 17,405 — 
Cheese, - - - o | 26-80" Beet 128 225 64 80 4 
Total, - - -|— oo = Are 779 ACLO, LAL 578 
Eggs, - - - - V2.1 | tO. 2) ee 25 5 9ON Set Pomme —- 
Total animal food, -| — | — | — |274,485| 36,669 | 74,897 |° 758 
VEGETABLE Foon. 
Potatoes (no refuse), -| 2.1 PE) 19.92) 70,6854 098 80 | 14,258 
Carrots (15 % refuse), <4 91/1 LAN SOO ua) Le OO 15 6 aoe 
Parsnips (20 % refuse), - | 2.0 4|L§.5 |, 21708 234 47 | 1,814 
Turnips (30 4 refuse), “- | 1.2 pail B22 4,765 57 10 3Q1 
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TABLE 58.—( Continued, ) 
| PERCENTAGE Com- WEIGHT Usrp. 
POSITION. 
e “a Nutrients. 
Foop MaTERIALSs. a S _ 5 

CO) ies a thease es 3 r 23 

me a. 3 2 fy As 

6) ES a a 
VEGETABLE Foop.—Con. % % % Grams. | Grams. | Grams. | Grams. 
Spinach, - “ so eee 5 Si. livienG, FOO IQgI 46 282 
Cranberries, - - - ‘a Oe LO, Qy ke ly ol5 7 16 198 
Onions (10 % refuse), - | 1.4 ST NTOU AIO 6 I AI 
Cabbage (15 % refuse), - | 1.5 24. OP 05,305 81 1 248 
Oranges, ~ “ Spy od 9 8.3} 5,800 58 52 481 
Canned peas, - - Sra la es Boca on me Ger Mp dae 08) 102 oi 270 
Canned green beans, -| 4.0 SS Tange OG IgI 24 643 
Cammed peaches, etc.,/ -.| 1:1} (.8 |: 11.4) 22,480 247 180 2,563 
Canned corn (a), - =A 23 I $8 1) 16,610..-6, 550 138 52 8g1 
Canned tomatoes, - - 1.0 ea 2715 LO;2O5 102 20 378 
Tapioca, cornstarch, etc., | — | — | 97.8 810; — — 792 
Hominy, - “ Out dot Pyebii, 16530 127 6 1,184 
Graham flour, Soe BI Wey Pl a Rete ba Sh Be Sho es 328 48 2 O1L 
Wheat flour (a), - <A S 4 Tee 72d VO OSk 10.272 920 | 55,498 
eiatire wheat flour (¢@), - | 15.4} 1.9] 69.8] 4,790 738 gI 2.343 
Corn: meal, . - 2 Se Oc 2p eS Suk sO. Olina 2a 05 201 83 1,543 
aremest ta), =  - 2 .- |15.3,)° 7.57) 5:7) 3,630) 555 272 | 2,385 
Cracked wheat, etc., ELLQuin Peer ppd Onn 2,.075 247 35 1,548 
Macaroni, - - =) £3.85 4175.4 625 84 3 471 
Rice... - - - - 7.4 eA Ora |r. 1,420 105 6 Pe Vay: 
Lima beans, - - ah eee ie ts oe 2 2.. Oley LGOO 135 13 418 
Dried beans, - : St ace Ine 2oOle SO 2i er 21 G80 681 59 1,746 
Banana, pulp, - - Te AV 20. oie O40 107 107 20277 
Pine apple, - - - 4 3 Q:71) -35L05 12 9 301 
Currants and raisins, Ny ATF event Oe T2075 29 8 770 
Prunes, etc., - - = 2.2 5 | 66.5) 5,075 IIl2 25 3,380 
Citron, - = - - 4 Hey lay 2-2 455 2 3 329 
Dates, - is “4 Se Boo NST aL OLA 905 20 46 637 
Chocolate, - - SOO 212 O75 480 33 IOI 324 
Crackers, - - ~ AW  Oas Wig ie OO. 2 TT 705 wer OO cael FAG 8,162 
cake, '= a - a tueSe SEO Oct 87 eli 2.020 217 283 1,514 
Bread, - - - ah Oskriy LO SOO WO. 795 O13 | “1,078 3,772 
Sugar, granulated, - ax Pim hii LOO, Oba SA LOS ie 2 34,105 
Molasses, etc., 5 Sie ha 2, OW eS, LOSE i ee 3,676 
Total vegetable food, - | — | — | — |346,895| 18,817 | 5,293 | 153,996 
Total animal and vege- — | — | — |621,380] 55,486 | 80,190 | 154,754 

table food, - - > ; ; : 

Refuse (a) - : 24.5 | 29.5 | 38.5| 50,490] 12,370 | 14,894 | 19,438 
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TABLE 59. 


Nutrients and Potential Energy in Food Purchased, Rejected, and 
Eaten in Dietary of a College Ladies’ Eating Club, 


STORRS AGRICULTURAL EXPERIMENT STATION. 








Foop MATERIALS. 


For Club, ro Days. 
( Animal, A 
Food purchased, ‘ Vegetable, - 
L Potal; ‘ 
Animal, : 
Waste, - = Vegetable, - 
Total, s 
( Animal, : 
J Vegetable, - 


Food actually eaten, 
‘Eotal, is 


Per Man Per Day. 


Animal, a 


Food purchased, 


Waste, - 3 - 
| 


L 
(ite ctals 
| 
i 


| 


Percentages of Total Food Purchased. 


Food actually eaten, - Vegetable,  - 


Total, af 


( Animal, a 
4 Vegetable, - | 


Food purchased, 


L Total: Ey 


Animal, - 
Vegetable, - 


| 
iso Dota - 


( Animal, . 
{ Vegetable, 4 


Waste, - - 


Food actually eaten, - 
| 
Wn shotal: - 

















Vegetable, ~---| 


otal: So 


Amimal, <=] 
Vegetable, - 


Animal, - | 



























































NuTRIENTS. 
| Protein. | Fat. | Carbo. | 
Grams. | Grams. Grams. 
36,669 | 74,897 758 
18,817 | 5,293 | 153,996 
55,486 | 80,190 | 154,754 
10,809 | 13,014 < 
1,561 | 1,850| 19,438 
12,370 | 14,894 | 19,438 
| 25,860 | 61,883 758 
17,256 3,413 | 134,558 
43,116 | 65,296 | 135,316 
89 183 2 
46 13 375 
135 196 371 
26 31 re 
4 5 47 
30 36 47 
63 152 2 
42 8 328. 
105 160 330 
66.1 93.4 5 
33-9 | 6.6 99.5 
100.0 |} 100.0 100.0 
19.5 16.2 ca 
2.8 ee 12.6 
22.3 18.5 12.6 
46.6 742 : 
31.1 4.3 86.9 
N7UeT ene ies Aree 





Fuel Value. 


Calories. 


850,000 
757,800 


1,607,800 


165,350 
103,580 


—_ 





268,930 


684,650 
654,220 


—_ — 


1,338,870 
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No. Ig. 
DIETARY OF A SWEDE FAMILY. 


The study began Oct. Ist, 1894, and lasted 7 days. The family was the same 
as in No. 15. The man was employed in the chemical laboratory. The meals 
taken were: Man, 21 meals; woman (21 X .8=) 17 meals;.two girls (42 X .4 =) 
17 meals; child (21 X .25=) 5 meals. Total equivalent to 60 meals or 20 days 
for one man. 

TABLE 60. 
food Materials and Table and Kitchen Wastes in Dietary of a 
Swede Family During Seven Days. 

























































































PERCENTAGE CoM- WEIGHTs Useb. 
POSITION. 
c ow, Nutrients. 

Foop MATERIALS. a ’ Eo: $3 - 

2 Se ere a vaye e : oe 

Be a a Oat oe 8 cay ene 

: : es. amas 
ANIMAL Foop. ig % % % Reree Grams, | Grams. | Grams. 

Round steak (a), = =x) 10:24 10:2.) — Elo 328 174A) 
Bologna sausage (a), - S27 104220 3.9 385 106 126 15 

Mutton leg (a), - : ce Oy OL. 5 pe 1,075 203 1 bh Ste 

Pork chops, - 7 - | 14.0| 24.6} — 765 107 188 | — 

Salt pork (a), - - =~ + 4.6) 91-7) — 255 ie 234| — 

Smoked ham (a), - e200 12.842 580 189 234; — 

Lard, - 2 : -| — | 99.8} — 255; — 254 |. — 
Milk (a), - 2 A SP ae ye cs 4.4 | 14,160 524 326 623 
Condensed milk, - Nel icene LOA OT 455 54 47 228 

Butter, - - x -| — |85.0} — 650| — 553; — 

Eggs, - = a SLAC eLOn5, | 1,120 1607 1rd) == 
Tctalanimal food, - a eres ae smog 221, AI ONel 000 We2S ay 866 

VEGETABLE FOOD. 

Potatoes (40 % refuse), BS LEP Les Se L7G ss, OOO 78 4 660 
Turnips (30 % refuse), sed aie ip 8.2 466 6 9 38 
Onions (10 % refuse), - - 1.4 (Se kOu 392 5 I 40 
Flour (a),-  - - - {| 12.5) 1.2) 74.8} 4,850} 606 58 | 3,628 
Rye flour, - - - - 6.7 oll eyjeru) 395 26 5 31T 
Wheat bread, - : Pe ON Te ne tsOrle SS OL Orme lyase 130 Ba SOI 
Mince meat, 2 < * 4.0) (22200 sb7e4 255 10 6 172 
Milk crackers, - : SL On ae el ools Oo 425 -4O 56 294 
Rolled oats (a), - e SUP TSiT Wyroesur OOnt 170 26 15 112 
Corn meal, - 2 s Qg.2 2 hs) 70.6 225 21 9 159 
Dried beans, - = Sees ra) 12-O.m 960.2 285 66 6 169 
Sugar, - - - 27) hey) LOO, Onis, O75.) n= == 4,675 
Molasses, - - - Et heer ay [AIO LE OOS) oe 724 
Rice, - - - ca ar 4) 79.4 370 27 I 294 
Chocolate, = " = 6.81: 21,0). O76 115 8 24 78 
Total vegetable food, Pe er Net = 15), 18,748 | 1,049 215 | 12,155 
Total food, - - So er — | 40,158 | 2,739 | 2,592 | 13,021 
Table and kitchen waste (a), | 14.4 | 21.6] 56.2 532 var IIs 2909 

Pa@irom kitchen waste, “- | — |100.0) — |. 13°) = 13} — 
aie eremeies i Pe ee 545 77 28 299 
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Nutrients and Potential Energy in Food Purchased, Rejected, and 
Lraten in Dietary of a Swede Kamily. 











NUTRIENTS. 
Foop MATERIALS. 7 
’ 'Protein.| Fat. | ‘vata . 
For Family,.7 Days. Grams. | Grams. Grams. 
( ‘Animal: 2% 92 | 1,690 | 2,377| 866 
Food purchased, Vegetable, . T4944) 285 1271 
th » Totals 2 27 30m 2, Oe | 13,021 
( Animal, == - 51 123 | —_— 
BY tcte: : ; i Vegetable, - | 26 on 299 
. | Total, a = TF | 128 | 299 
( Animal, - - 1,639} 2,254| 866 
Pood actually eaten, - Vegetable, - | 1,023 | 210 | Leas 
(ene ta] aie : 2,662 2,464 MEQ oe 
Per Man Per Day. | 
[aakier - - ees Chim arto 43 
Food purchased, Vegetable, - | 52 iol : 608 
ere hota scene ie | 137 129 651 
ie Animal, - - 5 6 — 
Mew Sat : Vegetable, : I — | 15 
| PD ANOtAL et - 4 6 | 15 
aaa - - Souler 2 | 43 
Food actually eaten, - BARS ah ee 5 593 | 
Lo Lotalse= “ 135 1) 123 636 
Percentagess of Total Food Purchased. 
( Animal, - - 61.7. OLs7 6.7 | 
ecdiaiciased, | Vegetable, ‘i 38.3 bins ; 03.4 
Total, - - | 100.0 | 100.0 100.0 
leas : 5 1.9 i Aa — 
SMeNtee tire R Vegetable, - Q. 2 Me 
a Total, - - 2.0 Ne AO aa5 
Animaly salem 59.8 | 87.0 6.7 
Food actually eaten, - |v Megara Dies ‘ 37-4 | oa u eed 
Lebel Ofalsre - OF. 24) -O5s4 97.7 































































































Fuel Value. 





‘Calories 


| 32,580 
| 56,130 





88,710 


1,350 
1,380 





2,730 


| 31,230 


54,750 





85,980 


1,630 
2,810 





4,440 


a7 
70 





140 


1,560 
2,740 





4,300 


30.7 
63.5 





100.0 


Ls 
1.6 





er 


35-2 
61.7 





96.9 
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No. 20. 
DIETARY OF THREE CHEMISTS. 


The study began Oct. 10, 1894, and continued 10 days. The three men were 
28, 26, and 23 years old, respectively. They were at regular work in the labora- 
tory, and were at the same time pursuing other studies in chemistry. They 
may be regarded as having very light muscular exercise. The number of meals 

_ taken were 90, or equivalent to 30 days for one man. 


‘1 ABLE O2. : 


Food Materials and Table and Kitchen Wastes in Dietary of Three 
Chemists During Ten Days. 

























































































PERCENTAGE Com- WeicuHTs UseEp. 
POSITION, 
vi a Nutrients. 
Foop MATERIALS. ‘ 3 Fs 
(=| u nd) 

ao 3 ss ny ‘a 4 fa 

e = | 2s 5 = Ss 

ps Shai | Wie Alles Se & | as 

6) oe 1 8 
ANIMAL Foon. % % G% | Grams. | Grams. | Grams. | Grams. 

Bees. 

Shoulder steak (a), - - |17.0| 14.6| — 345 59 50| — 

Shoulder steak (a), - Sail Ss aie eee 480 74 34) — 

Shoulder steak (a), : = }.14:9 | 5.91. — 355 53 21 oo 
Shoulder steak (a), - - | 1672) 5.6) — 495 80 28 ——e 

Rib roast (a), - - “1 87.0) (9.0 p= 765 130 69 a 

Rib roast (a), - - SET, Deh Gah eo ol 16035 E77 88 oa 

Rib roast (a), - - =pa ES Tul Onbap tes 565 74 38 —— 

Canned corned beef (a), - | 28:1 | 16.4] — 470 132 77 | — 

Total beef, - - -| — — | — | 4,510 779 | 405 — 

Veal rib (a), - - - a 05.3 aes) 865 132| 216; — 

Veal rib (a), - - - -|1I12.4| 3.4] — 640 79 22; — 

Total veal, - - -| — | — — | 1,505 peat 238; — 

Pork. 

Smoked ham (a), - - =a LQ.O} e222 5e ines 355 67 79; — 

Smoked ham (a), - - - | 17.0}14.5| — 270 46 39; — 

Smoked ham (a), - - SH Pes plone 200 35 37); — 

Salt pork (a), - - SP 2, ON OA aE tee 265 51 240| — 

Total pork, - : OY Wierd) Saree Vereen) oe. I8 199 Re hS os, Beem 

Cottolene (a), - - - | — |100.0] — os go5 | — 

Fish, ete. | 

Fresh cod steaks (a), - - | 16.9 Saha 665 112 Ce ed 

Oysters, ‘‘solids” (2) - <n Gels |e kvOuneek Ouee us 25 32 5 10 
Dairy Products. | 

Mii e- = - - | 3-3} 4-6) 5.284.035) 277) 387). 437 
Cream (a), - F - Pd SLIM NOs One too Tago 46 250 48 
Butter (a), - - ; : .7 | 84.2! — | 2,280 16 | 1,920 5 
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TABLE 62.—/( Continued. ) 













































































PERCENTAGE COM- Weicuts USED. 
POSITION, 
vi 4“ Nutrients. 
Foop MATERIALS, £ 3 ss 
oo) a Ae ae eee 3 
Se) RRR ee ewe ieee 3 J) ae 
A 2 3 © fo ces! 
« ° ram Ot 
O fy A 
ANIMAL Foop.—/( Con.) % % % | Grams. | Grams. | Grams. | Grams. 
Cream cheese (a), ~3 = | 23.9 | 30.21) 18.8 12" frou) 1234s 45 
Eggs (a), - = 2 2) 16.5.| 10.85) S11 300.0 veer 164 |} 
otal pe oe ie = 80,705 | eee see 535 
Total animal food, - -| — — wom 98,895 2,009 | 4,826 545 | 
VEGETABLE Foon. 
Potatoes, flesh (a), - ah eae .I | 16.9 | 6,415 115 6°) -1,03¢ 
Sweet potatoes, flesh (a), - 9 -3 | 28.6 | 7,555 68 23 216 
Turnips, flesh (a), no) ge Ges) .4| 5.3] 2,950 30 12 156 
Squash, flesh (a), - : Pe tek 84 -TO.doly E700 2I 14 183 
Apples, flesh, : = - 5 .7 | 16.0 | 4,960 25 35 794 
Bread flour (a), - : - | F9sd por. 14 od 1 A565 612 50 | 3,397 
Pastry flour (a), - : - | 11.6 O74 5) 1,005 219 17 | 1,404 
Granulated sugar, - = -| — — |100. | 4,255|. — — 4,255 
Rolled oats (a), - : =P LOEB Wl) 27625), OUSL ALD. OOD 199 79 720 
Corn meal (a), - - oui Men. O 1 T.6°)-80.3 765 O71) 522 614 
Dried beans, white (a), - ~ as tele 1-015 9.9 695 165 13 409 
Dessicated cocoanut (a), =|) 00. Bue Clara. 3 45 ee 29 II 
Macaroni (a), - . ONE PAY Brae ks Ye ag kee 395 57 4 289 
Tapioca (a), - - - Me Araoesd 130 4 I 115 
Milk crackers, - - eo Over S.% 0622 555 52 72 384 
iT Otale. = - - -  — oo —— |38,020/ 1,637 478 11¢,95p 
OAC e aie a AI: — | ite 1rs6ors| 3.646 | s0an eae 
Table and kitchen waste (a), - | 16.9 | 25.4 | 49.4 963 162 196 476 
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: TABLE 63. 
Nutrients and Potential Energy tn Food Purchased, Rejected and 
Liaten in Dietary of Three Chemists. 

NuTRIENTS. g 

Foop MATERIALS. ce 

Protein, Fat. Paratin 3 
for Three Men, ro Days. Grams. | Grams. | Grams. | Calories. 
( Animal, - 2,009 | 4,826 545 | 55,360 
Food purchased, 4 Vegetable, - 1.637 ey Jee ues 
arora 3,646] 5,304 | 14,531 | 123,860 
os ae - 106 180 -—- 2,110 
Wests egetable, - 56 16 AV OUNy A 2240 
ry otal, == 162 196 476 | 4,450 
Animal, - 1,903 | 4,646 545 | 53,250 
Food actually eaten, - [¥v Vegetable, - 1,581 : 462 bigioe ae 
L otal aaa 3,484 | 5,108 | 14,055 | 119,410 

Per Man Per Day. 
Animal, - 67 161 18 1,845 
Food purchased, - MCE i 55 10 Wikia 285 
(te Cotal a 722 177 483 4,130 
(nee : 4 6 — 70 
Meeec ‘ Se Vegetable, - 2 J i : 16 i 80 
. L Total, - 6 7 16 150 
Animal, - 63 155 17 1975 
Food actually eaten, - geectablecis ee | eno eset te 
| Total, - 116 170 3 467 3,980 
Percentages of Total Food Purchased. 

( Animal, - 55.1 gI.O ane 44.7 
Food peretaced: |} Vegetable, - : 44.9 i 9.0 : 96.2 h 55.3 
be lotals a 100.0 | 100.0 | 100.0 100.0 
Animal, - 2.9 3.4 — To7, 
WWaste. i ] Vegetable, - : T.5 5 a : 235 ib in 
bee lotals y= 4.4 ‘aad 5 3.6 
Animal, - 52.2 87.6 3:8 43.0 
Food actually eaten, - Micetasiney © Ni 43.4 of 8.7 4 92.9 eet 
Totaly 95.6 96.3 96.7 96.4 





Sur nn nn ee 
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INOse2 1s | * 
DIETARY OF A MECHANIC'S FAMILY. 


The study began Nov. 13, 1894, and continued 10 days. The members of 
the family and number of meals taken were as follows: 

Man, about 32 years old, 26 meals. 

Woman, about 29 years old (assumed = .8 of one man), 29 X 

Woman, about 52 years old (assumed = .8 of one man), 30 X . 

Total equivalent to 73 meals or 24 days for one man. 


.o == 23 meals, 
8 == 24 meals: 


TABLE 64. 


food Matertals and Table and Kitchen Wastes in Dietary of a 
Mechanic's Family During Ten Days. 


———— 






















































































PreRCENTAGE Com- Weeurs Uswo 
POSITION. 
4 & Nutrients. 
Foop MATERIALS. 2 Fi = 
Els Wate eg ae sg 
ai 3 Pu 
BPP PS ey | eee 
Se ee "2 
ANIMAL Foop. % % % Grams. | Grams. | Grams. | Grams. 
Beef, round (a), - - -|19:7) 4.8) —. | 1,445 285 69| — 
Beef, round (a), - = -|18.0| 84|/ — 595 107 50; — 
Beef, porter house (a), - =| FR60 10.20 — 725 84 74| — 
Veal, rib roast (a), - -|15.5| 8.6) — | 1,135 176 } 98 | — 
Veal, loin (a), : . - | 9144-157] — 185 40 28; — 
Lard, - - : - -; — |99.8) — 255; — 254| — 
Cottolene, - : : - | — |100.0; — 285 | — 285); — 
Oysters, ‘‘solids,” - SI ORE Woy Git Heeoske 905 57 14 36 
Dairy Products, Ete. 
MALE G), 0 =) me = 39" aa Bah 4.810165). 306 WeaRe 457 
Buttermilk, - - “ ait Wa CATT Ose 26 3 44 
Butter (2),  - - s ~ .7|85.5| — | 1,345 g/ 1,150) — 
Eggs, - - - - =n 14. Oul LO; el eas Igo 134 |) 
Total animal food, -|— SS —~ 116,302.) 1,370 |) aoa 537 
VEGETABLE FOoop. 
Potatoes (15 per cent. refuse), | 2.1 PLU LT. 115,900 LTT 5 948. 
Sweet potatoes (12% % op I.5 AoW) 785, 12 e 204 i 
Cooked hea - - 9 25) 11:8 370 3 a 44 
Apples (25 % refuse), - - 2} 411520 1'73935 24 32: Teg 
Pastry flour (a), - . SPs nore Cage ee a flo. 580 68 a 429 
Bread flour (@),  - - Sih ah ke tam Maes Oe 2 ay fe a -e7 = 735 65 | 4,002 
Rolled oats (a), - - Sv Td-Osbel ye det os 130 1g Ke) 88 
Wheat germ meal Cr > AER os Wey. veo hee ae ee fe ee 385 44 8 284 
Rice, acs - - Se ae “4179.4 200 15 I I50 
Corn starch, etc., - - “St later ceed NIN 2 45; — — 44 
Granulated sugar, : wide meee OT raat OC Ola 6 att east — 2,155 
Prunes and dates, - BM etre 571°06.6 450 10 2 300 
Celery, - - - =) SO 8] 6.0 865 14 7 52 
Bread, - - : - A GGeLs) Pt eOuneOLO 255 231s ieee 143 
Milk crackers, - - - | 9-3 | 13.1 69.2 325 30 43 225 
Maple syrup, - - he Aa eee R Le 680 30; — 445 
Total vegetable food, - -| — — = 125,005 195.1395 1891-10; 
Total animal and eee mee ; : Le 
food: : z ested aa ate 45,297| 2,508 | 2,836 | 11,312 
Table and kitchen wastes Bult 38 :8/) ATs0 1157/24) 1oG rhe e ssl: 34 
Fated. : - - | — |I00.0] — Im}, — 11g}; — 
DDO Fal ya. eg Bt pra dee eae ria ee | 314 71}. 197 34 
a a se 
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TABLE 65. 
Nutrients and Potential Energy in Food Purchased, Rejected, and 
fraten in Dietary of a Mechanic’s Family. 

NUTRIENTS. g 

Foop MareErIALs, > 

Grotcin |! Facn) | Serbo. 2 
For Family, ro Days. Grams. | Grams. | Grams. | Calories. 
Animal, - 1,370 | 2,647 537 | 32,430 
Food purchased, 7 aaah - 1,138 4 189 es 50,600 
‘Potal saan = 2,500.) §2,030 | LI, 312) 831030 
= (Animal, - 68 196 — 2,105 
Beectey | - , | Vegetable, - 3 I 34 155 
Priel Ota ae 71 197 34 2,260 
( Animal, - T,302)\) 42,451 537 | 30,305 
Peer iaaliy eaten, ain : 1,135 | 188 10,741 50,465 
Potatan 2-437) (© 2.039" 1122781 180,770 
Per Man Per Day. : 
7 ( Animal, “ 65 126 26 1,545 
Food purchased, Vegetable, - hi 53 9 2 513 a ace 
Lo Lotaly TAB 13505390) 3.055 
Animal, - 3 9 —— 100 
ettes : j | Vegeta - a SEN 2 é 5 
L oti eae- 3 9 2 105 
| ( Animal, : 62 I17 26 1,445 
Food actually eaten, Negrtaviens Ree Sine ale pene 
Udy VOtalye & = 115 126 537 3,850 

Percentages of Total Food Purchased. 

( Animal, - 54.6 93.3 4.8 aan 
gee Ponrchased, , Vegetable, - ¥ 45.4 i Py, x Q5.2 5 60.9 
L Total, - 100.0 | 100.0] 100.0] 100.0 
( Animal, - 205 6.9 — 26 
ca eae 4 Vegetable - f at % me 3 3 ¢ 2 
Ve VEotalne 2:8 6.9 3 2.5 
( Animal, 2 51.8 86.4 4.8 36.5 
Food actually eaten, | eee ee M se ih oy * eased ie oe 
Total, - O7.2 93.1 99.7 Q7.2 
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TABLE 66: 
































Summary of Results of Dietary Studies made by the Station. Lood : 
per Man per Day. - g 
NUTRIENTS. 3 ; 
DIETARIES. > % 
: Carbo- o 44 
Protein. Fat. nydraten 2 ¥ 
I. Dietary of a Boarding House.* Grams, Grams. Grams. Calories, . 
Purchased, - - - - 126 “188 426 4,010 ; 
Food, Waste, - - : 2 - 23 36 25 520 e 
Eaten, : - 2 - : 103 152 401 3,490 # 
2. Dietary of a Chemtst’s Family.* : 
Food purchased, - - * = = 118 103 430 3,210 : 
3. Dietary of a Jeweler’s Family.t 
Purchased, - : - gI 126 483 3,530 
Food, Waste, - 2 : ‘ - 8 9 5 140 
Eaten, - : : . - 83 TL7 478 3,390 
4. Dietary of a Blacksmith’s Family.+ 
Purchased, = - : 103 176 408 3,730 
Food, Waste, - - - - ‘ a 5 7 go 
Eaten, = - = : - 100 171 401 3,640 
5. Dietary of a Machinist's Family.+ 
( Purchased, Perey sare 100 159. |= 427 3,640 
Food, Waste i= = - - - I 3 6 60 
| Eaten, - - : - 5 99 156 421 3,580 
Two Dietaries of a Mason's Family.+ 
6. December, 1892. 
Purchased, - - - - 107 153 391 3,470 
Food, Waste, - = 2 - “ a 5 16 120 
Rateny uae - - - - 104 148 375 3,350 
10. May, 1893.t 
( Purchased, - - a 125 145 366 3,305 
Food, Waste, . - - - - 6 8 18 175 
| Eaten, - : - - 5 119 137 348 3,190 
Average of 6 and ro. 
( Purchased, 3 t S ss 116 149 379 3,420 
Food, Waste, - 2 = 2 5 6 19 150 
| Eaten, = - 7 ~ Lit 143 362 35230 
7. Dietary of a Carpenter's Famtly.t 
Purchased, - - - - 125 152 498 3,970 
Food, Waste, _- = - : : II 17, rae 300 
Eaten, 5 <i =e : II4 135 475 3,670 
Two Dietaries of a Carpenter's Family, 
8. November, 1892.+ 
Purchased, - - : = 107 161 | 408 3,610 
Food, Wastes 2c - - - - 7 12 20 220 
eaters 2 : S : 100 149 388 3,390 
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TABLE 66.—/( Continued. ) 


























NuTRIENTS. | g 
DIETARIES, | S 
Carbo. | 
Protein. Fat. ydrece| = 
| 
11. May, 1893. Grams. | Grams. | Grams. _ Calories. 
Purchased, s - = = 115 125 346 | 3,055 
Food, Waste, - = E - . 4 3 og 96 
Eaten, - = : - - It 122 336 | 2,965 
Average of 8 and 11. | 
Purchased, - - - - ee 144 377 | 35335 
Food, Waste, 7 : 2 = - 6 8 Teen 150 
| Faten, - - : 5 : 105 136 362 | 3,185 
Two Dietaries of Station Agriculturist's | 
Family. t 
g. Winter, 1893. | 
Purchased, - - : - 106 145 405 | 3,450 
Food, Waste, : < - = = a 6 aie | I15 
eaten, 6 no | 8 99 Twa 399% 0135335 
13. Summer, 1893. | 
; Purchased, - : - ; 133 150 475 3,885 
Food, Waste, - " - - - 4 5 3 85 
| Eaten, - - - - - 129 145 472 3,800 
Average of 9 and 13. | 
Purchased, - : - - 120 147 440 3,670 
Food, Waste, - : - - : 6 5 5 100 
( MEET pam mh odie gee c= 114 142 435 3,570 
12. Dietary of a Student's Club. 
Purchased, - = : = 113 180 S70 6 preg Doo 
Food, Waste, - - - - - 19 39 30 570 
Eaten, - - - : - 94 141 346 2110 
14. Dietary of a Widow's Family.§ 
Purchased, = - - : 119 115 512 3,055 
Food, Waste, - - = - - 3 4 12 IIO 
Eaten, - - - - i 116 Til 500 3,545 
Two Dietaries of a Swede Family.§ 
15. March, 1894. 
Purchased, 2 . - 2 12% 116 473 3,610 
Food, Waste, - - - - 5 + 7 80 
Haten, - - : - - 118 I12 466 31530 
1g. November, 1894. 
Purchased, - - : - 137 129 651 4,440 
Food, Waste, = - - - - 3 6 TART 140 
Bate namr ete eh Ae ie 133 123 636 4,300 
Average of 15 and 19. 
Purchased, - - - s 129 118 562 4,030 
Food, Waste, “ = - ~ “ 3 5 II ILO 
Eaten, - - - s z 126 113 551 3,920 


/ 
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TABLE 66.—( Continued. ) 


Carbo- 
hydrates, 





'*. NUTRIENTS. 
DIETARIES. a at ag 
Protein. Fat. 
16. Dietary of a College Club.§ Grams, | Grams. 
Purchased, - - - ~ 113 160 
Food, Waste. - - . - 9 24 
| Eaten, - - - - ; 104 136 
17. Dietary of a Divinity School Club.§ 
Purchased, - - - - 139 185 
Food, <« Waste, - - - - : 17 47 
Eaten, - - - - - 122 138 
18, Dietary of a College Ladies’ Eating 
Club.§ 
( Purchased, = . s 135 196 
Food, Waste, - - - - - 30 36 
Eaten, - - = z - 105 160 
20. Dietary of Three Chemists.§ 
( Purchased, - - - - 122 pr 
Food, < Waste, a - : - 7 6 7 
Eaten, - - - - - 116 170 
21. Dietary of a Carpenter's Family.§ 
Purchased, - - - - 118 135 
Food, Waste, - - - - - 4 
| Eaten, - - - - - 115 126 
acd ( Minimum of above, - a - 83 103 
oe Maximum of above, - - - £35 171 
: | Average of above, - é ‘ 110 138 
Dietary Standards for Men at Moderate 
Work. 
Voit (German), - e - - - 118 50 
Atwater (American), : : - - 125 125 























Grams. 





343 
17 
326 


356 
39 
317 


S77, 
33° 


483 
16 


467 
539 
537 


317 
636 





421 


500 
450 


Fuel Value. 


Calories. 


+ 3,500 
Fe) 
3,170 


3,745 
660 


3,085 


3,920 
650 


3,270 


4,130 
150 


3,980 


3,955 
105 


3,850 
2,965 . 


4,300 
3,469 


3,060 
3,520 





* Report of this Station, 1891, pp. 90-106. 

+ Report of this Station, 1892, pp. 135-162. 
+ Report of this Station, 1893, pp. 174-190. 

| There was very little waste in this dietary. 
§ This Report, pp. 174-201. 
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STANDARDS FOR RATIONS AND DIETARIES. 


BYAW VO. ALWA LER, 


e+e 





Some twenty years ago, at the Woodstock meeting of the 
Connecticut State Board of Agriculture in December, 1874, it 
was the writer’s privilege to read a paper on the “ Results of 
Late European Experiments on the Feeding of Cattle.” A year 
before, the same subject was presented, though in less detail, at 
a meeting of the Maine State Board of Agriculture. These were, 
so far as I am aware, the first attempts in the English language 
to explain the theory of cattle-feeding which had become current 
in Germany, and to set forth the standards for rations already 
more or less in vogue in that country. Ina paper on ‘The Chem- 
’ read at the meeting of the Connecticut Board of 
Agriculture in December, 1884, a brief statement was made of 
the main results of inquiry up to that time regarding the food 
and nutrition of man, with especial reference to the chemical 
composition of food materials and the quantities appropriated 
for the nutrition of people of different classes under different 
circumstances. Although the standards for daily dietaries there 
set forth had appeared in print in English before, I am not aware 
that they had been explained as fully as was done even in the 
short, popular paper just referred to. 

The purpose of citing these incidents is to call attention to the 
short period during which the standards for rations for domestic 
animals and for dietaries for man, now so widely current in the 


‘United States, have been before the English reading public. 


The rapidity with which they have come into notice, their very 


general adoption in this country by writers upon the subject, by 


teachers, and by experimenters, and the extent to which they 
have become a part of the familiar knowledge of intelligent, 
practical men and women is, it seems to me, not only an inter- 
esting phenomenon, but an auspicious omen also, for the progress 
of the higher knowledge, as applied to the arts and industries of 
life in the United States. 
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The remark was lately made in the presence of a well-known 
Connecticut farmer that such expressions as protein, fat and 
carbohydrates, nutritive ratios, and standards for daily rations, 
which are. to-day very familiar in the columns of the papers and 
in the discussions in agricultural meetings, were Greek to farmers 
in our State twenty years ago. ‘Say Sanskrit,” said he. “We 
knew then that there was such a language as Greek, but we had 
never heard of these things.” Nowadays the papers that treat of 
dairying and cattle-feeding refer to protein and carbohydrates 
and feeding standards as familiarly as to Jerseys, silos, and cot- 
ton seed meal. Not only that, but people are becoming interested 
to know the composition and properties of human food. Stand- 
ards for daily dietaries are being widely quoted as authoritative, 
and, what is even more to the point, the United States Congress 
has provided an appropriation to be used for investigations of 
the economy of the food of man, based upon the same principle 
as the studies that are carried out by our Experiment Stations 
upon the food and nutrition of domestic animals. The eagerness 
of a large and rapidly increasing body of people to get hold of 
the statistics of the composition of food and of daily rations, 
standards for dietaries and the like, is interesting as it is encour- 
aging. All this, it seems to me, marks the beginning of a 
hygienic and economic improvement, if not reform, in our food 
economy. 

For all this progress, wide spread, rapid, and I may add 


inspiring, let us be profoundly thankful. If the twenty years — 


just passed have seen so much accomplished, what may not be 
hoped for in the twenty years to come? 

But this subject has another side. The modern doctrine of 
food and nutrition as applied to the nourishment of domestic 
animals and man is in danger of being misapplied. Indeed, it is 
being misapplied and to an extent already serious. To one who 
may claim to be a veteran in the campaign for the advance of 
research and of knowledge in these directions in the United 
States, it may be permitted to sound a note of warning. : 

The evils are practically three; the failure to recognize what 
feeding and dietary standards are and ought to be, the setting up 
of incorrect standards, and the blind and thoughtless use of such 
standards in the calculating of rations and dietaries. I will 
speak of these in the inverse order, taking the last first. 


= 
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WRONG USE OF FEEDING STANDARDS. 


The thing against which I wish to protest first of all is the 
inconsiderate use of feeding standards. To read articles which 
appear by the hundred, not only in the columns of the press, but 
even in some of our Experiment Station Reports, one would 
think that the science of cattle-feeding was a branch of applied 
mathematics, the data for calculations being found in the tables 
for composition of feeding stuffs, and the formulas in feeding 
standards. We are told, practically, with a constancy of repeti- 
tion which is worse than tiresome, that for feeding a milch cow, 
for instance, we want per thousand pounds of live weight so and 
so many pounds of protein and other nutrients per day; that dif- 
ferent feeding stuffs contain such and such percentages, that is 
to say, so and so many pounds per hundred of these nutrients; 
and that, to get a proper daily ration for a cow we must first 
select our food materials, then take their proportions of nutrients, 
and figure out quantities that fit the standard. By this calcula- 
tion, which is perhaps a little abstruse to the average dairyman, 
but in which to-day there is no lack of mathematicians, chemists, 


and physiologists to help-him, he may easily make his calcula- 


tions; or, if he does not care to take this trouble, he may find 
them ready made and in the greatest abundance. 

Iam well aware that to say this and to put it so strongly is to 
expose myself to the severe charge of being the first man on this 
side of the Atlantic to use this method of calculating rations. It 
may be very true that the enthusiastic young student, fresh from 
studies in Europe, where this doctrine originated, was indiscreet 
in not emphasizing more clearly than he did that standards for . 
tations are only approximations, and very rough ones at that; 
that at best they could only represent very general averages; that 
the variation in the composition of food stuffs of the same kind 
were so wide that no averages of analyses could apply to all 
cases; that the analyses were extremely imperfect representations 


of actual nutritive values; that we did not know exactly how the 
‘nutrients are used in the body; that it is impossible to lay down 


an accurate physiological standard for animals of any given kind; 
that differences, not only of species and of breed but differences 
of individuals of the same breed are so wide as to make an 
accurate physiological standard out of the question; and that 
even if the physiological standard were rightly determined the 
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feeding of domestic animals for profit involves consideration of 
the cost of the raw material, namely, the food; the cost of the 
machine and its running, the animal and its care; and the value 
of the product, be it growth, meat, milk or work. But he had 
taken the pains to talk with some practical men as well as with 
chemists, physiologists and experts, upon the subject, in Europe 
and especially in Germany. He had gathered the ideas just 
suggested and he did try; however imperfectly, to insist upon 
these cautions while attempting to explain the fundamental 
principles of nutrition, the composition of foods and feeding 
stuffs and the use of standards for rations and dietaries. And it 
is with a sentiment akin to pain that he peruses the statements 
so constantly reiterated, in so many places, by so many men, and 


with so little qualification; implying that there is something 


absolute in feeding standards and in tables of composition of 
feeding stuffs and that what the feeder has to do is to consult 
his feeding standard and his tables of composition, apply his 
mathematics, feed his cattle accordingly, and then hope for 
profit. 

Analyses of feeding stuffs and feeding standards are useful, 
incalculably so. I venture the assertion. that, aside from im- 
proved breeds, the thing which has done most to help the stock 
grower and the dairymen in our older States is the improved 
system of feeding which the use of this very doctrine has done 
more than anything else to bring about. The danger is in the 
blind, unthinking use of the theory. 


THE SETTING UP OF WRONG STANDARDS. 


The formulas for rations of domestic animals most commonly 
quoted are those of the German experimenter, Wolff. One rea- 
son for the popularity of Wolff’s formulas, and perhaps the chief, 
is that they are so simple and so easily quoted and followed. 
Another is doubtless found in the fact that they have so long 
been a feature of the famous German Farmers’ Almanac ( JZent- 
zel und v. Lengerke’s Landwirtschaftlicher Kalender), which in 
that country is much more common among farmers than the 
Bible and, it is tobe feared, much more consulted by them. The 
less definite and more conservative formulas and tables of com- 
position of feeding stuffs of Julius Kiihn* are more: generally 





* See Kiihn’s discussion of the subject of feeding standards in Experiment Station Record, 
volume IV., page 11. 
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accepted by experts in Germany than those of Wolff. Kiihn urges 
the unwisdom of setting up standards asin any wise absolute, 
and calls especial attention to the difficulties in the way of assum- 
ing the composition of feeding stuffs from averages of analyses. 
He insists upon the great values of feeding standards and of 
their use in connection with the estimates of composition of feed- 
ing stuffs, but urges with emphasis the necessity of studying the 
individual animal and fitting the food to the observed needs 
rather than to any arbitrary standard. Wolff, of course, assents 
to these principles in a general way, and would, I am sure, pro- 
test emphatically against considering either his formulas or those 
of Kiihn, or any others, as more than rough approximations and 
averages. 

The following is from comments by the writer upon Prof. 
Kiihn’s article above referred to: 

‘Prof. Kiihn calls attention to several difficulties in the way 
of prescribing definite feeding standards for different classes of 
animals which are fed for different purposes. They have to do 
with the animals, the feeding stuffs, and the commercial value of 
the feeding stuffs and the products. 

“Tn the first place different animals of the same class differ 
greatly in their capacity for utilizing food, and even the same 
animal may require different rations under different conditions. 
Thus different breeds of milch cows and different cows of the 
same breed may vary widely with respect to the amounts of food 
which they can most advantageously utilize. The amount appro- 
priate for 1,000 pounds live weight may be much greater with a 
small cow than with a large one. It varies with the bodily con- 
dition of the animal, whether lean or fat, and with the amount of 
the milk yield. The quantity of food needed depends also upon 
whether, as the milk falls off toward the end of the period of 
lactation, the cow is to be fattened for the butcher or is to be 
used again for breeding and milking. In brief, it is impossible 
to lay down hard and fast rules for quantities of food or quanti- 
ties of nutrients, or for nutritive ratios to apply indiscriminately 
to different animals under different conditions. 

‘“ Again, different specimens of any kind of feeding stuff may 
vary widely in chemical composition so that the figures for average 
composition may be very far from the truth in a given case. The © 
coefficients of digestibility are likewise variable. And even if the 
quantities of actually digestible nutrients in any given instance, 
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as determined by either natural or artificial digestion, should be 
taken as the basis of the calculation, they might be very far from 
expressing the nutritive value of the materials as they are actually 
utilized by the animal, because of the defects in our present 
methods of analysis and of classification of the nutrients. 

‘Finally, economical feeding is not simply a matter of fitting 
the nutrients of the food to the physiological demands, but of 
adjusting the kinds and quantities of feeding stuffs to their cost 
and to the amount and market value of the product. 

‘Prof. Kiihn’s conclusion is that to calculate rations upon a 
basis of the feeding standards and the average composition of 
the feeding stuffs, is irrational and may be very unprofitable. 
He would, however, by no means give up either standards or 
tables of composition. As regards the quantities of nutrients to 
be fed, he would take into consideration the individual needs 
of each animal and make the quantities of total food and of 
the several nutrients such as will best fit the special demands of 
the animal for sustenance and production. In calculating the 
amounts of feeding stuffs to be used he would not simply use the 
average figures, but would consider the ranges of variation and 
the composition of the particular materials to be fed. The ideal 
method would be to analyze the feeding stuffs in each case, if 
this were practicable, but it usually is not. But along with the 
chemistry and physiology of the subject, the skill of the experi- 
enced practical feeder is absolutely essential. For the method 
of ‘individual feeding’ which Prof. Kiihn recommends he gives 
suggestions of no little interest. 

“One matter which Prof. Kiihn rightly insists upon is the dis- 
tinction between the digestible protein, z. ¢., total digestible nitro- 
genous substances and the digestible actual albuminoids. He 
also urges with justice that the ether extract of the coarse fodders 
has a much lower feeding value than that of the concentrated 
fodders like oil cakes and meals, which consist mostly of the 
true fats. He insists with like good reason that what we call 
non-nitrogenous extract represents a great variety of materials 
unknown or of doubtful value. 

‘“Chemists clearly apprehend the difficulty with their analysis 
as measures of the nutritive value of feeding stuffs, but the 
experimenters and writers have not always appreciated the full 
import of the differences in individuality of animals, nor has 
the importance of taking into account the condition of the 
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individual animal been generally realized. We have learned that 
there is very little use in preparing formulas for fertilizers for a 
given plant to be used on different soils. The reason is that 
soils vary so widely in chemical and physical characters. We 
are gradually coming to understand that the differences between 
individual animals of the same kind if not as large as those 
between different soils, are nevertheless much greater than we 
formerly Supposed. This is a fact which must be taken into 
account both in our experimenting and in our practical feeding. 

‘*One point which Prof. Kiihn dwells upon is of especial inter- 
est. It is that in the feeding of milch cows the rations should be 
fitted to the production expected. Instead of a standard giving 
certain amounts of nutrients per thousand pounds of live weight, 
he proposes to use a basal ration, which will be a little more than 
a maintenance ration, and to add to this quantities of nutrients 
proportionate to the wants of each animal and the production 
expected. 

“Feeding standards and tables of composition and digestibility 
are invaluable helps to economical feeding. There is every 
reason to believe that they will be made more and more useful 
as experimental inquiry brings us more and more exact informa- 
tion. But they are only helps. ,‘They are to be regarded as indi- 
cations rather than rules. They can not take the place of the 
skill of the experienced practical feeder. In his treatise on cattle 
feeding, to which Prof. Kiihn refers, and which ought to be better 
known than it is on this side of the Atlantic, the principle is 
expressed in the German adage, which is taken as the motto of 
the book: ‘Das Auge des Herrn mdstet sein Vieh’ (the eye of the 
master fattens his stock).”’ 


Of late an attempt has been made in the United States to 
elaborate a feeding standard for milch cows.* ‘This formula — 
differs from those of Wolff and Kiihn, mainly in providing less 
protein and more fats and carbohydrates. In other words, the 
nutritive ratio is much wider than in the formulas of Wolff and 
Kiihn. A table comparing several different so-called ‘‘standard 
_ rations’’ may be found on page 46 of the present Report. 

It may be that in one case Wolff’s formula will be the best and 
in another the so-called ‘“‘ American standard ration,” proposed 
by Prof. Woll, will be the best ; that is to say, the most profitable 





* See Woll; Bulletins of Wisconsin Experiment Station, No. 33 and No. 38. 
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for the feeder. But it is extremely probable that in the great 
majority of cases something different from either will be really 
most advisable, and wherever either one of these formulas is not 
the most advantageous, it is the wrong one. Doubtless it will be 
better for any given farmer to follow almost any of the proposed 
formulas rather than to let his feeding be entirely haphazard. 
A wrong formula may be a great deal better than none. Feed- 
ing towards Wolff’s formulas has unquestionably been of im- 
mense advantage. The point I wish to urge is, that the right 
formula is the one that fits the individual case, and that the cases 
in which any given formula, be it that of Wolff, or of Kutihn, or 
of Woll, is actually the best, are the exceptions rather than the 
rule. 


THE PROPER SIGNIFICANCE OF FEEDING STANDARDS AND 
FORMULAS. 

This brings us to the kernel of the whole subject. What is a 
feeding standard? To answer this we must first of all avoid a 
confusion of terms which has become common. We must dis- 
tinguish between three different kinds of standards, or rather, 
since the word standard cannot be applied with equal propriety 
to all, we must distinguish between three different kinds of 
formulas which may be used to, express quantities and propor- 
tions of nutrients for feeding. These may be designated as the 
. physiological standard, the formula for profitable feeding, and the 
formula which expresses the actual practice of feeders. 


PHYSIOLOGICAL STANDARDS. 


The physiological standards would express the proportions of 
the different nutrients, protein, fats and carbohydrates which best 
fit the demands of the animal for the particular kind of product 
demanded of it, whether that product is growth, as in the case of 
young animals; or meat, as in the fattening of cattle, sheep and 
Swine; or milk, with milch cows; or work, as with horses and 
oxen. In all of these cases a certain amount of nutrients is re- 
quired for maintenance and a certain additional amount for pro- 
duction. ‘The functions of the several classes of nutrients in 
meeting the demands for maintenance and production have been 
more or less definitely shown by feeding experiments, and we 
have to-day, as the result of a great deal of experimenting, some- 
what of an idea of the relations between the physiological de- 
mands of an animal of a given class and fed for a given purpose 
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and of the quantities of nutrients needed to supply it. But, un- 
fortunately, our knowledge in all these respects is still deficient, 
and furthermore the differences of individual animals of the same 
breed, to say nothing of the differences between animals of 
different breeds and species, are so wide that with the most per- 
fect knowledge of the laws of nutrition it will hardly be possible 
to set up accurate physiological standards for large classes of 
animals. “There is, however, the best ground to expect that a 
reasonable amount of experimenting of the right kind will bring 
us Satisfactory information in this respect. 


EXPERIMENTS NEEDED FOR PHYSIOLOGICAL STANDARDS. 


The experimental inquiry needs to be of two kinds; accurate 
experiments in metabolism, and practical feeding trials. For the 
first it will be essential to take account of the income and outgo 
of the body of the animal, as expressed, not simply in terms of 
food and drink on one hand and of excreta, solid, liquid and 
gaseous on the other; but also in terms of chemical compounds 
and especially of chemical elements of the income and outgo. 
These will give the data for the metabolism of matter in the 
body. For the most desirable results, however, it will be neces- 
sary to go a step farther and take an account of the income and 
outgo of energy. The income of energy will be the potential 
energy of the food; the outgo of energy will be the potential 
energy of the unconsumed food, z. ¢., that of the solid and liquid 
excreta, and the kinetic energy manifested in the heat diffused 
from the body and in the mechanical power of the muscular 
work performed.* In other words, we have to study the meta- 
bolism of energy as well as of matter. 

Experimenting of this kind is very costly. It requires elaborate 
apparatus, the most skillful assistants, and very long time. The 
respiration calorimeter which is being elaborated at Wesleyan 
University in connection with the work of this Station, is intended 
for inquiries of this especial kind. Of course it is not necessary 
that a respiration calorimeter or even a respiration apparatus 
shall be used in all experimenting in metabolism. Much can be 
learned from feeding trials in which the income and outgo of 
only a single chemical element as nitrogen is determined. But the 
respiration apparatus, and especially the respiration calorimeter, 
must be looked to for the most accurate and decisive results. 


* For detailed discussion of this particular subject see Bulletin No. 21 of the Office of 
Experiment Stations of the U. S. Department of Agriculture, entitled ‘*‘ Methods and Results 
of Investigations on the Chemistry and Economy of Food.”’ 
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Another kind of experimenting and one which though its chief 
usefulness will be of a purely practical sort, will also bring 
results of physiological value, consists in feeding trials such as 
may be conducted in any well equipped experiment station in 
connection with a chemical laboratory. If, for instance, the sub- 
ject be the effect of fodder upon milk production, rations differ- 
ing in amount and composition may be fed and the amount and 
composition of milk determined. The difficulty with these 
experiments is that there are numerous other factors besides the 
food which affect the milk production and not all of these 
factors can be accurately estimated. But there is one way by 
which such experiments can be made very effective and useful. 
That is, duplication. One station alone cannot well do enough 
to settle any specific question, but by. codperation between 
different experiment stations a great deal could be accomplished. 
To make this codperation successful it would be necessary to 
select narrow and specific questions, to decide upon a uniform 
plan, to use as many animals in each case as practicable and to 
make a large number of experiments in a number of different 
places. There is very little question that this would be the most 
economical and useful way to work. ‘The dairy trials at the 
World’s Fair brought results some of which were reasonably 
definite. In consequence they are of very great practical value. 
What gives them definiteness and value is that a large number of 
cows were used. It is not necessary that all the cows be in one 
place, but the “‘might of average figures’? which can be almost | 
said to ‘‘increase as the square of the number” is what makes 
the results reliable 

The series of codperative experiments which have been con- 
ducted during the past twenty years in Germany and Denmark 
are a most valuable illustration of the usefulness of one way in 
which extensive feeding trials may be made useful.* 

Both these kinds of experimenting are needed to give us a real 
physiological feeding standard, and when we get that standard we 
shall doubtless find that it is after all indefinite, that it varies 
with the animal as well as with the conditions of feeding; in 
other words, it will be at best Sh an average estimate and not 
an unvarying formula. 


FORMULAS FOR PROFITABLE FEEDING. 
But the practical feeder feeds for profit, and the ration which 
will produce the largest amount of growth, or of total flesh or of 





* See Experiment Station Record, Vol. III., pp. 507, 557, and Vol. VI.; p. 58s. 
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lean or fat meat, or the largest amount of milk or butter-fat or 
enable the animal to do the largest amount of work from a given 
quantity of nutrients, is not always or generally the one which 
will bring the most profit to the feeder. In other words, the 
physiological standard may not be the most profitable formula 
for feeding. The factors of profit are numerous. One of the 
chief is the physiological action of the nutrients, but the cost of 
the food and the value of the product have to be taken into 
account. It may be to the feeder’s advantage to use a wide 
ration when a narrow one would give more yield for less raw 
material. There is a very wide difference in respect to the 
width of ration between the physiological standards as we now 
understand them and the actual feeding practice of most Ameri- 
can farmers, but it would be as wrong to advise them to conform 
exactly to the physiological standard as it would be to take the 
average of the practice of successful feeders, for either a physio- 
logical standard or a formula for profitable feeding. 

To find the formulas for feeding profitably two kinds of 
observation and experimenting are especially needed. ‘The first 
_ and simplest consists in accurate observation of the actual prac- 
tice of feeders and comparison of their methods of feeding with 
the. product. This is being done by the Storrs Station with 
results as described in the present: and previous Reports. The 
results thus far obtained are few and in no way remarkable, but 
they do represent the beginning of an inquiry which, if carried 
out for aseries of years and with a wider and wider range of 
animals, breeds and methods of feeding and with such constant 
improvement of method as experience suggests, cannot fail to 
bring useful results. The value of these results will be materi- 
ally increased if opportunity is taken, after observations have 
been made, to test the effect of changes in the feeding upon the 
product, as has been done in a small number of experiments 
detailed in the Reports referred to. We do not claim at all that 
the plan adopted by this Station is the best. What I do urge, 
and that with emphasis, is that the principle is a good one, that 
as the number of observations and experiments increase the 
value of the results will increase in still greater ratio; and that it 
is eminently desirable that a number of Stations should unite in 
work of this kind. Not only is it useful for learning the actual 
feeding practice of farmers and for working toward profitable 
feeding formulas, but it is preéminently valuable as a means of 
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education to the farmer. When a series of accurate experiments 
is carried on with a man’s own cows, in his own barn, and he shares 
in the work, sees how it is done, follows the details and studies 
the results, he gets a kind of knowledge which he could not get 
in any other way. His neighbors will see the experiments done 
and talk them over with him and with each other and will be 
likewise benefited, and when the results are published and read, 
farmers who have not seen the experiments read about them and 
realize that they come from a union of science with practice; 
that they represent what their brother farmers have done with 
the aid of the Station as well as what the Station has done with 
the aid of the farmer. ‘They study the details, they reflect upon 
them, they criticise them, and sometimes with a wisdom and acute- 
ness which is most valuable to the Station experimenters; and, 
what is best of all, they use the results to the advantage of brain 
as well as purse. 

But while the deducing of formulas for profit may be helped 
by this kind of experimental observation, the most useful infor- 
mation will come from codperative experiments of a more 
thorough sort such as the Stations can best carry out with their 
own herds and near their own laboratories. 

And let me repeat that profit is a matter of cost of raw material 
and manufacture and value of product and that all of these 
factors are extremely variable. _A profitable formula for one 
plan or time may be very unprofitable for another. A fixed 
formula for profit is utterly irrational. 

In framing his standards for rations for domestic animals Wolff 
apparently had what I have here designated as physiological 
standards chiefly in mind, although he did not make the distinc- 
tion’ J have insisted upon and he did keep in view the profit to 
be gained from feeding. Such at any rate is the impression 
which I think one would gain from a study of Wolff’s writings at 
the time, and especially his statement of the considerations 
which led to his standards. The standards were printed in the 
Farmers’ Calendar above referred to for 1864, and are there 
explained. Wolff’s later discussions of the subject in his Landa- 
wirtschaftliche Fiitterungslehre and Ernahrung der landwirtschaft- 
lichen Nutzthiere seem to me to imply the same view on his part. 
Kiihn lays no less stress upon the physiological aspects of the 
question, but being a man of larger practical experience as a 
feeder, he emphasizes more than Wolff does the other conditions 
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which decide the profit of feeding. Both, however, make accu- 
rate experiment the principal basis of their calculations. 


THE FEEDING PRACTICE OF FARMERS. 


In the tabular statement on page 46 may be found results of the 
averages of 23 observations of methods of feeding actually prac- 
ticed by dairymen in Connecticut, to which reference has just been 
made. ‘The observations were made by representatives of the 
Station who visited each farm, and with the aid of the owner of 
the cows measured and weighed the food, took samples for analysis, 
and measured the milk and tested the quantities of fat by the Bab- 
cock method. ‘The periods of observation were either five or 
twelve days each. Such observations, of course, leave much to be 
desired, but still the results do, without doubt, giveat least a reason- 
ably accurate idea of the actual usage of these feeders at the time 
when the observations were made. They doubtless diverge more 
or less in each case from the actual practice of feeding the herd 
for the season. But by repeating these observations from year 
to year on the same farms and on different farms, we shall gradu- 
ally get more and more exact information as to how Connecticut 
farmers actually feed their cows, how much milk they get, and 
how much butter-fat it contains. Such observations collated and 
averaged will lead toward formulas for the actual practice of 
American feeders. 

Another method for learning the practice of feeders has been 
adopted by other experiment stations and especially by two, the 
New York State, and the Wisconsin Station. The results of the 
observations by the Wisconsin Station are summarized on page 46 
of the present Report, and on pages 94 to ror of the Report of this 
Station for 1893. ‘They may be found in detail in the Bulletin of 
the Wisconsin Station already cited. Messrs. Woods and Phelps 
have commented upon them in the present Report. They have 
also been referred to in the Experiment Station Record, Vol. VL, 
pages 350-352. It is not needful that I should add anything to 
the comments there made. ‘The thing to be insisted upon here is 
that even if the average of the feeding practices of a larger or 
smaller number of feeders were made up from accurate observa- 
tions it would be a mere chance if it were a correct formula for 
profit for any one of them, and that it would be still less apt to be 
the best formula for profitable feeding for other feeders under 
other conditions. The average of an indefinite number of 
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inaccurate observations of practices which is more or less erro- 
neous, cannot represent the actual average practice and is still 
farther from indicating what is most profitable in any given case. 

The editorial comments in the Experiment Station Record 
above. referred to include the following opposite statements: 

“The collection of statistics on the practice of feeding may be 
suggestive and useful in its way, but the error should not be made 
of supposing that a standard can be worked out in this manner. 
Thorough systematic feeding experiments by scientific experts 
alone can furnish the proper basis for American feeding stand- 
ards. The experiments should be made in different parts of the 
country and continue through a number of years. They should 
be planned on a system which will make the results properly 
comparable, and the records should be accurately kept. Sum- 
maries of data obtained in this way and of the available data 
which we have now, would be fairly entitled to be called feeding 
standards. These standards would have a real value because 
they would be founded on scientific work and deductions. The 
closeness with which they would be followed by farmers in dif- 
ferent parts of the country would, of course, depend on a number 
of variable conditions, as must be the case with any standard. 
With the further accumulation of feeding experiments, the 
standards would probably have to be somewhat modified and 
perfected.” 


THE PLACE OF THE EXPERIMENTER AND THE PRACTICAL FEEDER. 


Unquestionably the experience of practical feeders, and espe- 
cially the experience of the most successful ones, is of the highest 
value. It is with the aid of such men that the doctrine of suc- 
cessful cattle feeding will be best worked out. The place of the 
chemist and physiologist is rather to explain the theory than to 
lay down rules for the practice of feeding. In developing -his 
theory he will be most successful if he does as the most successful 
teachers, like Liebig, Henneberg, Kiihn and Wolff in Germany, 
and Lawes and Gilbert in England, have done, namely, to make 
as accurate experiments and observations as possible and collate 
and explain their results as accurately and as simply as he can. 


STANDARDS FOR-DIETARIES, 


In framing the standards for daily dietaries for human beings 
the same physiological principles apply as in the standards for 
rations for domestic animals. 
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But by as much as men and women are of more consequence 
than the animals subdued to their service, by so much is it more 
essential that the physiological demands should be chiefly con- 
sidered in the arrangement of their dietaries. And it must be 
remembered that we are not able to say to-day with any degree 
of exactness just what is the measure of these physiological 
demands. Certain formulas have, indeed, been proposed for 
dietaries of men, women and children. I have ventured to dis- 
cuss them in other places,* and will only say here that there 
seems to me to be the danger of their misuse. The danger is 
the same as in the case of standards for rations for domestic 
animals, namely, that of regarding them in the light of statistics 
and recipes to be blindly followed. 


IN CONCLUSION. 


In view of the interest in the economy of food for man which 
has lately manifested itself and is growing so rapidly, it seems to 
me proper to lay especial emphasis upon the fact that we have 
no dietary standards based upon at all satisfactory physiological 
data. The ones most commonly current are those of Voit and 
his school in Germany. In compiling’these the results of the 
few accurate experiments available at the time were employed, 
but the chief stress was laid upon the observations of the quanti- 
ties of food consumed, in Germany and especially in Bavaria, by 
persons whose conditions of life were such as to lead Voit and 
his followers to assume that their nourishment was normal. It 
is clear, however, that the eating habits of these people and of 
those with whom the more accurate experiments were made, and 
who also lived in Germany, were decided largely by their condi- 
tions. If the same observations and experiments had been made 
in Connecticut instead of Bavaria, it seems reasonably certain 
that the quantities of food consumed would have been much 
larger and the standards for dietaries based upon them would 
have been correspondingly larger than those of Voit and his 
school. It would be an evident mistake to accept these German 
standards as valid for general application. Indeed, there seems 
to me every reason to assume that they represent a scale of living 
decidedly lower than is desirable. 





* See Report of Storrs Station, 1881, pages 144-161; and Bulletin No. 21 of the Office of 
Experiment Stations of the U.S. Department of Agriculture, on ‘‘ Methods and Results of 
Investigation of the Chemistry and Economy of Food,” pages 141-225. 
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SIMPLIFYING FORMULAS FOR RATIONS AND DIETARIES. 


In concluding I venture to urge the desirability of simpler 
forms than have hitherto been current. Experimental science 
has brought us to the point where we may safely say that the 
uses of food are principally two: (1) To form the material of the 
body and repair its wastes; (2) to yield heat to keep the body. 
warm and muscular and other power for the work which it has 
to do. In forming the tissues and fluids of the body the food 
serves for building and repair. In yielding heat and power it 
serves as fuel. 

The different nutrients of the food serve the body in different 
ways. The principal tissue formers are the protein compounds, 
especially the albuminoids. These make the “flesh,” and thus 
build up and repair the nitrogenous materials as the muscles and 
tendons. They also supply the albuminoids of blood, milk and 
other fluids. ‘The chief fuel ingredients of the food are the car- 
bohydrates and fat. These are either consumed in the body 
when the food is eaten or they are stored as fat to be used as 
occasion demands. ‘The protein compounds can also serve as 
fuel. The carbohydrates and fats both serve for fat formation in 
the body. The protein, fats and carbohydrates in serving as fuel 
appear to replace one another in proportion to their potential 
energy or heats of combustion. . While it is certain that the car- 
bohydrates are transformed into fats, it is not definitely settled 
that in their capacity for forming the fat of the body or of the 
milk they stand in the same ratio to the fats of the food as does 
their potential energy to that of the fats. But it is reasonably 
probable, if not certain, that in their service for yielding heat 
and muscular power the value of the carbohydrates and fats is 
proportional to their potential energy. 

It follows from this that for the ordinary purposes of nutrition 
the two principal factors of the food to be considered are the 
protein and the potential energy. To put it in another way, 
when the farmer feeds his stock he needs to use such kinds and 
amounts of food as will supply his animals the proper amounts 
of tissue formers and fuel values. It will be much simpler to 
explain the matter to him in this way than to go into the full 
details regarding protein, fats, carbohydrates, nitrogen-free 
extracts and the like. We may likewise express the formulas 
for rations and dietaries in terms of protein and energy or tissue 
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formers and fuel value. This I have attempted to do in other 
places.* It is done also in the pages of the present Report. 

With regard to this whole matter there are two things to be 
especially remembered: 

The first is that our tables of composition of foods and feeding 
stuffs and our formulas for rations and dietaries are only general 
indications. They are not maps, but guide posts. They are not 
recipes, but simply attempts to epitomize general principles. To 
use them rightly the principles must be understood, and in their 
application they must be fitted to the demands of individual cases. 

The other is the need of research. A vast deal of time and 
thought and labor and money has been used, in this country and 
Europe, during the past fifty and especially the past thirty years, 
in attempting to learn the laws of nutrition of animals and man. 
The results of all this work are magnificent, and yet they are 
only preliminary. The time has come when three things are 
needed. These are: First, the collating of the results of inquiry 
and making them available to experimenters, teachers, students, 
writers, and the intelligent public; second, the systematizing of 
our so-called practical experimenting so that the work may be 
made co6éperative, the results comparable, and the product more 
valuable; third, the developing of abstract inquiry. 

This last, the abstract research, is the most difficult thing of all 
to accomplish. On that account, perhaps, it is the thing toward 
which we should strive most earnestly. What is wanted is the 
study of the application of the laws of the conservation of matter 
and the conservation of energy to the living organism, in order 
to discover more exactly the laws of nutrition; and the study of 
the chemistry and physiology of the materials used for foods and 
feeding stuffs, in order to learn more accurately their nutritive 
values. 

To the former of these problems the Storrs Station is address- 
ing a not inconsiderable part of its attention. Fortunately the 
United States Department of Agriculture is promoting the same 
inquiry. The respiration and bomb calorimeters, to which refer- 
ence has been made on another page of the present Report, 
represent efforts in this direction. 





* See Report of the Storrs Experiment Station for 1891, pp. 160 and 161, and Bulletin No. 
at of the U.S. Department of Agriculture on ‘‘ Methods and Results of Investigations on 
the Chemistry and Economy of Food,’’ pp. 200-213. . 
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